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(54) [Title of the Invention] IMAGE FORMING ELEMENT AND IMAGE 
FORMING APPARATUS 
(57) [Abstract] 

[Problem] To provide an image forming element, being capable of being easily 
produced and capable of conveniently forming an image at a low cost, which is 
safe without the fear of causing an environmental problem at the time of 
disposal, and an image forming apparatus capable of forming a color image. 
[Means for Resolution] There is provided an image forming element which has 
a film in which rod-shaped bodies are oriented and which shows a structural 
color formation. Preferable aspects are that: thickness of the film is 810 nm or 
less; the rod-shaped bodies are rod-shaped organic molecules, and the film is any 
one of a monomolecular film of the rod-shaped organic molecules and a 
laminated film of the monomolecular film; the rod-shaped bodies are a-helix 
polypeptides; and a structure variable body in which a structure can be changed 
by a stimulus is bonded to an end portion and/or a peripheral side face of such 
rod-shaped body. There is also provided an image forming apparatus, having 
at least the image forming element and a light irradiating device which 
irradiates light on the image forming element, in which the image forming 
element reflects the light irradiated by the light irradiating device as 
interference light and the interference light has a wavelength of 300 to 810 nm. 

[Claims] 
[Claim 1] 
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An image forming element, being characterized by comprising at least a 
film in which rod-shaped bodies are oriented and which shows a structural color 
formation. 



The image forming element according to Claim 1, wherein thickness of 
the film is 810 nm or less. 



The image forming element according to Claim 1 or 2, wherein the 
rod-shaped bodies are rod-shaped organic molecules, and the film is any one of a 
monomolecular film of the rod-shaped organic molecules and a laminated film of 
such monomolecular films. 



The image forming element according to any one of Claims 1 to 3, 
wherein interference light by the film is intensified by conditions of the 
mathematical following formula (1) and is weakened by conditions of the 
mathematical following formula (2): 

[Mathematical Formula 1]: 



wherein in the mathematical formula (1) and the mathematical formula 
(2), X denotes a wavelength (nm) of the interference light; 

a denotes an angle of incidence (degrees) of light to the film; 



[Claim 2] 



[Claim 3] 



[Claim 4] 
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t represents thickness (nm) of the film; 
1 represents the number of laminated layers of such films; 
n represents a refractive index of the film; and 
m represents an integer of 1 or more. 
[Claim 5] 

The image forming element according to any one of Claims 1 to 4, 
wherein the film is fixed on a substrate. 
[Claim 6] 

The image forming element according to any one of Claims 1 to 5, 
wherein the rod-shaped bodies are a-helix polypeptides. 
[Claim 7] 

The image forming element according to any one of Claims 1 to 6, 
wherein a structure variable body, in which a structure can be changed by a 
stimulus, is bonded to at least one of an end portion and a peripheral side face of 
each of the rod-shaped bodies. 
[Claim 8] 

The image forming element according to Claim 7, wherein, when the 
structure of the structure variable body is changed, color formation is changed. 
[Claim 9] 

The image forming element according to Claim 7 or 8, wherein the 
structure of the structure variable body can be changed by any one of light, heat 
and an electric field. 
[Claim 10] 

The image forming element according to Claim 9, wherein the structure 
variable body is selected from among a geometric isomer, a thermoplastic 
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substance, a thermosetting substance and a liquid crystalline molecule. 
[Claim 11] 

The image forming element according to Claim 10, wherein the structure 
variable body is an azobenzene compound. 
[Claim 12] 

An image forming apparatus, comprising at least the image forming 
element according to any one of Claims 1 to 11 and a light irradiating device 
which irradiates light on the image forming element, being characterized in that 
the image forming element reflects the light irradiated by the light irradiating 
device as interference light, and the interference light has a wavelength of 300 to 
810 nm. 
[Claim 13] 

The image forming apparatus according to Claim 12, further comprising 
a plurality of pixels each having at least the image forming element in which 
color formation by the interference light is blue, and another image forming 
element in which the color formation by the interference light is green, and still 
another image forming element in which the color formation by the interference 
light is red. 
[Claim 14] 

An image forming apparatus, comprising at least the image forming 
element according to any one of Claims 7 to 11, a light irradiating device which 
irradiates light on the image forming element, and a stimulus imparting means 
which imparts a stimulus to a structure variable body in the image forming 
element, being characterized in that the image forming element reflects the light 
irradiated by the light irradiating device as interference light and the 
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interference light has a wavelength of 300 to 810 nm. 
[Claim 15] 

The image forming apparatus according to Claim 14, wherein a 
structure of the structure variable body in the image forming element is 
reversibly varied to a first structure and to a second structure by the stimulus of 
the stimulus imparting means and the wavelength of the interference light by the 
image forming element in a case in which the structure variable body has at least 
one of the first structure and the second structure is 300 to 810 nm. 
[Claim 16] 

The image forming apparatus according to Claim 14 or 15, further 
comprising a plurality of pixels each having at least an image forming element in 
which color formation by the interference light in a case in which the structure 
variable body has the first structure is blue and the color formation by the 
interference light in a case in which the structure variable body has the second 
structure is colorless, another image forming element in which the color 
formation by the interference light in a case in which the structure variable body 
has the first structure is green and the color formation by the interference light 
in a case in which the structure variable body has the second structure is 
colorless and still another image forming element in which the color formation 
by the interference light in a case in which the structure variable body has the 
first structure is red and the color formation by the interference light in a case 
in which the structure variable body has the second structure is colorless. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 
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The present invention relates to an image forming element which shows 
a structural color formation and an image forming apparatus using the image 
forming element. 
[0002] 
[Prior Art] 

Conventionally, various types of image forming elements and image 
forming apparatuses using the image forming elements has been developed and 
provided. However, most of these image forming elements and image forming 
apparatuses have problems in that, since dyes or pigments are used, colored 
waste liquids are generated at the time of manufacture, disposal of wastes is not 
easy and, accordingly, there is a possibility of causing an environmental problem, 
an image forming mechanism is complex, image formation is expensive and the 
like. Recently, there has been a strong demand for developing an image 
forming element and an image forming apparatus free of these problems. 
[0003] 

[Problems that the Invention is to Solve] 

A problem according to the present invention is to solve the 
aforementioned various types of problems, to respond to the aforementioned 
demand and, then, to achieve an object described below. Namely, an object 
according to the present invention is to provide an image forming element which 
is easily manufactured, can conveniently form images at a low cost and is safe 
without the fear of causing an environmental problem at the time of disposal 
thereof and, further, to provide an image forming apparatus which uses the 
image forming element and can form color images. 
[0004] 
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[Means for Solving the Problems] 

Each means for solving the aforementioned problems is as follows: 

<1> It is an image forming element, being characterized by comprising 
at least a film in which rod-shaped bodies are oriented and which shows a 
structural color formation; 

<2> It is the image forming element as described in <1>, in which 
thickness of the film is 810 nm or less; 

<3> It is the image forming element as described in <1> or <2>, in which 
the rod-shaped bodies are rod-shaped organic molecules, and the film is any one 
of a monomolecular film of the rod-shaped organic molecules and a laminated 
film of such monomolecular films; 

<4> It is the image forming element according to any one of <1> to <3>, 
in which interference light by the film is intensified by conditions of the 
following mathematical formula (1), and is weakened by conditions of the 
following mathematical formula (2): 
[0005] 

[Mathematical Formula 2]: 

A = 2 * ' y n 2 - s i n 2 (X (D 

A = 4 1 ' A/n 2 -sin 2 ar ( 2 >- 
2 rn— 1 V 

[0006] 

However, in the mathematical formula (1) and the mathematical formula 
(2), X denotes a wavelength (nm) of the interference light; 
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a denotes an angle of incidence (degrees) of light to the film; 

t represents thickness (nm) of the film; 

1 represents the number of laminated layers of such films; 

n represents a refractive index of the film; and 

m represents an integer of 1 or more; 

<5> The image forming element according to any one of <1> to <4>, in 
which the film is fixed on a substrate; 

<6> The image forming element according to any one of <1> to <5>, in 
which the rod-shaped bodies are a-helix polypeptides; 

<7> The image forming element according to any one of <1> to <6>, in 
which a structure variable body, whose structure can be changed by a stimulus, 
is bonded to at least one of an end portion and a peripheral side face of each of 
the rod-shaped bodies; 

<8> The image forming element as described in <7>, in which, when the 
structure of the structure variable body is changed, color formation is changed; 

<9> The image forming element as described in <7> or <8>, in which the 
structure of the structure variable body can be changed by any one of light, heat 
and an electric field; 

<10> The image forming element as described in <9>, in which the 
structure variable body is selected from among a geometric isomer, a 
thermoplastic substance, a thermosetting substance and a liquid crystalline 
molecule; 

<11> The image forming element as described in <10>, in which the 
structure variable body is an azobenzene compound; 
[0007] 
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<12> An image forming apparatus, comprising at least the image 
forming element as described in any one of <1> to <11> and a light irradiating 
device which irradiates light on the image forming element, being characterized 
in that the image forming element reflects the light irradiated by the light 
irradiating device as interference light, and the interference light has a 
wavelength of 300 to 810 nm; 

<13> The image forming apparatus as described in <12>, further 
comprising a plurality of pixels each having at least the image forming element 
in which color formation by the interference light is blue, and another image 
forming element in which the color formation by the interference light is green, 
and still another image forming element in which the color formation by the 
interference light is red; 

<14> An image forming apparatus, comprising at least the image 
forming element as described in any one of <7> to <11>, a light irradiating 
device which irradiates light on the image forming element, and a stimulus 
imparting means which imparts a stimulus to a structure variable body in the 
image forming element, being characterized in that the image forming element 
reflects the light irradiated by the light irradiating device as interference light 
and the interference light has a wavelength of 300 to 810 nm; 

<15> The image forming apparatus as described in <14>, in which a 
structure of the structure variable body in the image forming element is 
reversibly varied to a first structure and to a second structure by the stimulus of 
the stimulus imparting means and the wavelength of the interference light by the 
image forming element in a case in which the structure variable body has at least 
one of the first structure and the second structure is 300 to 810 nm; and 
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<16> The image forming apparatus as described in <14> or <15>, 
further comprising a plurality of pixels each having at least an image forming 
element in which color formation by the interference light in a case in which the 
structure variable body has the first structure is blue and the color formation by 
the interference light in a case in which the structure variable body has the 
second structure is colorless, another image forming element in which the color 
formation by the interference light in a case in which the structure variable body 
has the first structure is green and the color formation by the interference light 
in a case in which the structure variable body has the second structure is 
colorless and still another image forming element in which the color formation 
by the interference light in a case in which the structure variable body has the 
first structure is red and the color formation by the interference light in a case 
in which the structure variable body has the second structure is colorless. 
[0008] 

The image forming element as described in <1> involves at least the film 
in which the rod-shaped bodies are oriented and which shows the structural 
color formation. In the image forming element, the film shows the structural 
color formation based on the multilayer thin-film interference theory which is a 
basic principle of the color formation of scaly powder of wings of a Morpho 
butterfly. When an external stimulus such as an electric field, a magnetic field, 
heat or light (for example, natural light, infrared light or ultraviolet light) is 
applied to the film, interference light having a specific wavelength is reflected in 
accordance with the thickness of the film and the refractive index thereof and, 
then, the color formation occurs on a surface of the film. In this color 
formation, a color tone thereof can arbitrarily be controlled by the external 
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stimulus as with an epidermis of a chameleon- Then, the image forming 

element can form images. 

[0009] 

In the image forming element as described in <2>, in the 
above-described in <1>, the thickness of the film is 810 nm or less. Then, 
visible light irradiated on the film is reflected as interference light. As a result, 
the film shows the structural color formation and the image forming element can 
form images. 
[0010] 

In the image forming element as described in <3>, in the 
above-described <1> or <2>, the rod-shaped bodies are rod-shaped organic 
molecules, and the film is any one of the monomolecular film of the rod-shaped 
organic molecules and a laminated film of such monomolecular films. Then, the 
thickness of the film can freely be changed in accordance with the thickness and 
the number of laminated layers of the monomolecular film, and the color 
formation based on the structural color formation can be adjusted. 
[0011] 

In the image forming element as described in <4>, in any one of the 
above-described <1> to <3>, the interference light by the film is intensified by 
the conditions of the following mathematical formula (1) and is weakened by the 
conditions of the following mathematical formula (2). Then, by appropriately 
selecting the conditions of the mathematical formula (1) and the conditions of 
the mathematical formula (2), desired color formation can be obtained in an 
intensified state. Further, by selecting and combining a plurality of types of 
image forming elements, multicolor color formation can be achieved: 
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[0012] 

[Mathematical Formula 3] 

A = 4 * ' A/" 2 -s i n*<* < 2 >- 
2 m— 1 V 

[0013] 

However, in the above-described mathematical formulae (1) and (2), A, 
denotes the wavelength (nm) of the interference light; 
a denotes the angle (degrees) of incidence of the light on the film; 
t represents the thickness (nm) of the film; 
1 represents the number of laminated layers of the film; 
n represents the refractive index of the film; and 
m represents an integer of 1 or more. 
[0014] 

In the image forming element as descried in <5>, in any one of the 
above-described <1> to <4>, the film is fixed to the substrate. Then, the image 
forming element can be provided upright or the like and can be disposed at an 
arbitrary position. 
[0015] 

In the image forming element as described in <6>, in any one of the 
above-described <1> to <5>, the rod-shaped bodies are a-helix polypeptides. In 
each of the rod-shaped bodies, by merely changing the degree of polymerization 
of the polypeptide, a spiral length of a-helix can be varied, and the thickness of 
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the film can be adjusted. Further, the film is biodegradable and, therefore, is 
safe and does not cause environmental problems at the time of disposal. 
[0016] 

In the image forming element as described in <7>, in any one of the 
above-described <1> to <6>, the structure variable body, whose structure can be 
changed by the stimulus, is bonded to at least one of the end portion and the 
peripheral side face of each of the rod-shaped bodies. In the image forming 
apparatus, since the rod-shaped bodies which form the film have the structure 
variable bodies, when the stimulus is imparted, the structure of the structure 
variable body is changed. As a result, the thickness of the film is changed. 
Then, the color formation based on the structural color formation can be 
changed between before and after the changes of the thickness of the film. 
[0017] 

In the image forming element as described in <8>, in the 
above-described <7>, when the structure of the structure variable body is 
changed, the color formation is changed. In the image forming apparatus, 
when the stimulus is imparted, the structure of the structure variable body is 
changed, the thickness of the film is changed, and color formation based on the 
structural color formation is changed between before and after the changes of 
the thickness of the film. 
[0018] 

In the image forming element as described in <9>, in the 
above-described <7> or <8>, the structure of the structure variable body can be 
changed by any one of the light, the heat and the electric field. In the image 
forming apparatus, when any one of the light, the heat and the electrical field is 



13 



applied, the structure of the structure variable body is changed, the thickness of 
the film is changed, and the color formation based on the structural color 
formation is changed between before and after the changes of the thickness of 
the film. 
[0019] 

In the image forming element as described in <10>, in the 
above-described <9>, the structure variable body is selected from among the 
geometrical isomer, the thermoplastic substance, the thermosetting substance 
and the liquid crystalline molecule. In the image forming apparatus, when any 
one of the light, the heat and the electric field is applied, the structure of the 
geometrical isomer, the thermoplastic substance, the thermosetting substance or 
the liquid crystalline molecule is changed, the thickness of the film is changed 
and the color formation based on the structural color formation is changed 
between before and after the changes of the thickness of the film. 
[0020] 

In the image forming element as described in <11>, in the 
above-described <10>, the structure variable body is the azobenzene compound. 
In the image forming apparatus, when the visible light or the ultraviolet light is 
irradiated, the structure of the azobenzene compound is changed, the thickness 
of the azobenzene compound is changed, the thickness of the film is changed, 
and the color formation based on the structural color formation is changed 
between before and after the changes of the thickness of the film. 
[0021] 

The image forming apparatus as described in <12> involves at least the 
image forming element as described in any one of the above-described <1> to 
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<11> and the light irradiating means which irradiates the light on the image 
forming element. The image forming element reflects the light irradiated by 
the light irradiating means as the interference light and the wavelength of the 
interference light is 300 to 810 nm. 
[0022] 

In the image forming apparatus, the light irradiating means irradiates 
the light on the image forming element. Then, the film in the image forming 
element shows the structural color formation based on the multilayer thin-film 
interference theory which is the basic principle of the color formation of the 
scaly powder of the wings of the Morpho butterfly. Namely, the light which is 
irradiated on the film is reflected as the interference light having the specific 
wavelength. Since the wavelength of the interference light is 300 to 810 nm, the 
color formation which can visually be perceived occurs on the surface of the film. 
As a result, an image can be formed. 
[0023] 

The image forming apparatus as described in <13>, in the 
above-described in <12>, involves a plurality of pixels each having at least an 
image forming element in which the color formation by the interference light is 
blue, another image forming element in which the color formation by the 
interference light is green and still another image forming element in which the 
color formation by the interference light is red. 
[0024] 

In the image forming apparatus, when the image forming element, in 
which the color formation by the interference light is blue, reflects the light, a 
blue color is exhibited; when the image forming element, in which the color 
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formation by the interference light is green, reflects the light, a green color is 
exhibited; when the image forming element, in which the color formation by the 
interference light is red, reflects the light, a red color is exhibited; when the 
image forming element, in which the color formation by the interference light is 
blue, and the image forming element, in which the color formation by the 
interference light is green, reflect the light, a cyan color is exhibited; when the 
image forming element, in which the color formation by the interference light is 
blue, and the image forming element, in which the color formation by the 
interference light is red, reflect the light, a magenta color is exhibited; and when 
the image forming element, in which the color formation by the interference 
light is green, and the image forming element, in which the color formation by 
the interference light is red, reflect the light, a yellow color is exhibited. As a 
result, a full-color image can be formed. 
[0025] 

The image forming apparatus as described in <14> involves at least the 
image forming element as described in any one of <7> to <11>, the light 
irradiating means which irradiates the light on the image forming element and 
the stimulus imparting means which imparts the stimulus to the structure 
variable body in the image forming element. The image forming element 
reflects the light irradiated by the light irradiating means as the interference 
light, and the wavelength of the interference light is 300 to 810 nm. 
[0026] 

In the image forming apparatus, the light irradiating means irradiates 
the light on the image forming element. Then, the film in the image forming 
element shows the structural color formation based on the multilayer thin-film 
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interference theory which is the basic principle of the color formation of the 
scaly powder of the wings of the Morpho butterfly. Namely, the light which is 
irradiated on the film is reflected as the interference light having the specific 
wavelength. Since the wavelength of the interference light is 300 to 810 nm, the 
color formation which can visually be perceived occurs on the surface of the film. 
As a result, the image can be formed. Further, the stimulus imparting means 
imparts the stimulus to the structure variable body. Then, the structure of the 
structure variable body is changed and the thickness of the film is changed. 
When the thickness of the film is changed, the wavelength of the interference 
light by the structural color formation is changed and, then, the color formation 
can be changed. 
[0027] 

In the image forming apparatus as described in <15>, in the 
above-described <14>, the structure of the structure variable body in the image 
forming element is reversibly varied to the first structure and the second 
structure by the stimulus of the stimulus imparting means, and the wavelength 
of the interference light in the image forming element in a case in which the 
structure variable body has at least one of the first structure and the second 
structure is 300 to 810 nm. 
[0028] 

In the image forming apparatus, the stimulus imparting means imparts 
the stimulus to the structure variable body. Then, the structure of the structure 
variable body is changed from the first structure to the second structure. As a 
result, the thickness of the film is changed. Accompanying such change in the 
structure of the structure variable body, the thickness of the film is reversibly 
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changed between a first thickness in a case in which the structure variable body 
has the first structure and a second thickness in a case in which the structure 
variable body has the second structure. The light irradiating means irradiates 
the light on the image forming element. Then, when the film in the image 
forming element has the first thickness, the film exhibits the structural color 
formation based on the multilayer thin-film interference theory which is the 
basic principle of color formation of the scaly powder of the wings of a Morpho 
butterfly. Namely, the light irradiated on the film is reflected as the 
interference light having the specific wavelength. Since the wavelength of the 
interference light is 300 to 810 nm, the color formation which can visually be 
perceived occurs on the surface of the film. As a result, the image can be 
formed. On the other hand, when the film has the second thickness, the film 
does not exhibit the structural color formation, or it reflects the interference 
light having the wavelength which is different from that of the interference light 
in a case in which the film has the first thickness. As a result, by merely 
imparting the stimulus by the stimulus imparting means, the color formation of 
the film can be changed from being colored to either being colorless or being 
differently colored. For this account, in the image forming apparatus, a control 
of the color formation becomes easy and, then, a desired image can easily be 
formed. 
[0029] 

In the image forming apparatus as described in <16>, in the 
above-described <14> or <15>, the image forming apparatus has a plurality of 
pixels each having at least an image forming element (hereinafter, referred to 
also as "blue element") in which the color formation by the interference light in 
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a case in which the structure variable body has a first structure is blue and, 
further, the color formation by the interference light in a case in which the 
structure variable body has a second structure is colorless, another image 
forming element (hereinafter, referred to also as "green element") in which the 
color formation by the interference light in a case in which the structure 
variable body has a first structure is green and, further, the color formation by 
the interference light in a case in which the structure variable body has a second 
structure is colorless and still another image forming element (hereinafter, 
referred to also as "red element") in which the color formation by the 
interference light in a case in which the structure variable body has a first 
structure is red and, further, the color formation by the interference light in a 
case in which the structure variable body has a second structure is colorless. In 
other words, the image forming apparatus has a plurality of pixels each having 
the blue element, the green element and the red element. 
[0030] 

In the image forming apparatus, the stimulus imparting means imparts a 
stimulus for blue element color formation, (hereinafter, referred to also as "blue 
color formation stimulus"). Then, the structure of the structure variable body 
in the blue element is changed from the first structure to the second structure. 
As a result, the thickness of the film in the blue element is changed. 
Accompanying the change in the structure of the structure variable body, the 
thickness of the film is reversibly changed between a first thickness in a case in 
which the structure variable body in the blue element has the first structure and 
a second thickness in a case in which the structure variable body in the blue 
element has the second structure. The light irradiating means irradiates the 
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light on the image forming element. Then, when the film in the blue element 
has the first thickness, the film exhibits the structural color formation based on 
the multilayer thin-film interference theory which is the basic principle of the 
color formation of the scaly powder of the wings of the Morpho butterfly. 
Namely, since the light irradiated on the film in the blue element is reflected as 
blue interference light, the color formation of a blue color occurs on the surface 
of the film. On the other hand, the stimulus imparting means imparts a 
stimulus for blue element color quenching (hereinafter, referred to also as "blue 
color quenching stimulus' 9 )* Then, the structure of the structure variable body 
in the blue element is changed from the first structure to the second structure. 
As a result, the thickness of the film in the blue element is changed to the second 
thickness. When the film has the second thickness, since the film reflects 
colorless interference light, that is, other light which can not visually be 
perceived than the visible light, the film does not exhibit the structural color 
formation. 
[0031] 

When the stimulus imparting means imparts a stimulus for green 
element color formation (hereinafter, referred to also as "green color formation 
stimulus"), since the light irradiated on the film in the green element is reflected 
as green interference light in a same way as in the blue element, the color 
formation of the green color occurs on the surface of the film. On the other 
hand, when the stimulus imparting means imparts a stimulus for green element 
color quenching (hereinafter, referred to also as "green color quenching 
stimulus"), the thickness of the film in the green element is changed to the 
second thickness. When the film has the second thickness, since the film 
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reflects colorless interference light, that is, other light which can not visually be 
perceived than the visible light, the film does not exhibit the structural color 
formation. 

Further, when the stimulus imparting means imparts a stimulus for red 
element color formation (hereinafter, referred to also as "red color formation 
stimulus' 9 ), since the light irradiated on the film in the red element is reflected as 
red interference light in a same manner as the blue element, the color formation 
of the red color occurs on the surface of the film. Still further, when the 
stimulus imparting means imparts a stimulus for red element color quenching 
(hereinafter, referred to also as "red color quenching stimulus"), the thickness of 
the film in the red element is changed to the second thickness. When the film 
has the second thickness, since the film reflects colorless interference light, that 
is, other light which can not visually be perceived than the visible light, the film 
does not exhibit the structural color formation. 
[0032] 

For this account, when the stimulus imparting means imparts the blue 
color forming stimulus, the green color forming stimulus and the red color 
quenching stimulus, in the pixel, the cyan color is exhibited by synthesis of the 
color formation of the blue color and the green color. When the stimulus 
imparting means imparts the blue color forming stimulus, the green color 
quenching stimulus and the red color forming stimulus, at the pixel, the magenta 
color is exhibited by synthesis of the color formation of the blue color and the 
red color. When the stimulus imparting means imparts the blue color 
quenching stimulus, the green color forming stimulus and the red color forming 
stimulus, at the pixel, the yellow color is exhibited by synthesis of the color 
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formation of the green color and the red color. Accordingly, at the image 
forming apparatus, formation of a full color image is possible by combining 
these pixels. 
[0033] 

[Mode for Carrying Out the Invention] 
[0033] 

Hereinafter, an image forming element and an image forming apparatus 
according to the present invention will be described. 

The image forming element according to the present invention has at 
least a film in which rod-shaped bodies are oriented and which exhibits a 
structural color formation. 
[0034] 

<Rod-Shaped Bodies> 

The rod-shaped body is not particularly limited so long as it is 
rod-shaped and may be appropriately selected in accordance with an object. The 
rod-shaped body may be either a rod-shaped inorganic substance or a 
rod-shaped organic substance, but the rod-shaped organic substance is 
preferable. 
[0035] 

Examples of such rod-shaped organic substances include biopolymers 
and polysaccharides. Suitable examples of the biopolymers include fibrous 
proteins, a-helix polypeptides and nucleic acids (DNA, RNA). Examples of the 
fibrous proteins include those each having an a-helix structure such as a-keratin, 
myosin, epidermin, fibrinogen, tropomyosin or silk fibroin. Suitable examples 
of the polysaccharides include amylose. 
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[0036] 

Among the rod-shaped organic substances, spiral organic molecules 
whose molecules have a spiral structure are preferable from the standpoint of 
capability of stably maintaining stably the rod shape and intercalating other 
substances into the interior of the molecule in accordance with the object. 
Among the aforementioned substances, examples of the spiral organic molecules 
include an a-helix polypeptide, DNA and amylose. 
[0037] 

[a-Helix Polypeptide] 

The a-helix polypeptide as described above is one of secondary 
structures of polypeptides. The polypeptide rotates one time (forms one spiral) 
every 3.6 residues of an amino acid, and a hydrogen bond which is substantially 
parallel to an axis of the helix is formed between a carbonyl group (-CO-) and an 
imide group (-NH-) every fourth amino acid, and this structure is repeated every 
seven amino acids as a repeating unit. In this way, the a-helix polypeptide has 
a structure which is stable energy-wise. 
[0038] 

A direction of the spiral of the a-helix polypeptide is not particularly 
limited and may be either wound right or wound left. Further, it is noted that, 
in nature, only a structure in which the direction of the spiral is wound right 
exists due to stability. 
[0039] 

The amino acid which forms the a-helix polypeptide is not particularly 
limited, so long as an a-helix structure can be formed and can appropriately be 
selected in accordance with the object. However, the amino acid which 
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facilitates formation of the a-helix structure is preferable. Suitable examples 
of such amino acids include aspartic acid (Asp), glutamic acid (Glu), arginine 
(Arg), lysine (Lys), histidine (His), asparagine (Asn), glutamine (Gin), serine 
(Ser), threonine (Thr), alanine (Ala), valine (Val), leucine (Leu), isoleucine (He), 
cysteine (Cys), methionine (Met), tyrosine (Tyr), phenylalanine (Phe) and 
tryptophan (Trp). These amino acids may be used either alone or by two or 
more in combinations. 
[0040] 

In regard to affinity of the a-helix polypeptide, by appropriately 
selecting the amino acid, the property of the a-helix polypeptide can be changed 
into being any one of hydrophilic, hydrophobic, and amphiphilic. In a case in 
which the a-helix polypeptide is allowed to be hydrophilic, suitable examples of 
such amino acids include serine (Ser), threonine (Thr), aspartic acid (Asp), 
glutamic acid (Glu), arginine (Arg), lysine (Lys), asparagine (Asn) and glutamine 
(Gin). In a case in which the a-helix polypeptide is allowed to be hydrophobic, 
suitable examples of the amino acids include phenylalanine (Phe), tryptophan 
(Trp), isoleucine (He), tyrosine (Tyr), methionine (Met), leucine (Leu) and valine 
(Val). 
[0041] 

Further, the a-helix polypeptide can be changed into being lipophilic 
(hydrophobic) by esterifying a carboxyl group which does not form a peptide 
bond in the amino acid in which the a-helix is formed. Still further, the a-helix 
polypeptide can be changed into being hydrophilic by hydrolyzing the 
thus-esterified carboxyl group. 
[0042] 
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The amino acid may be any one of an L-amino acid, a D-amino acid and 
a derivative in which a side chain portion of any one of these amino acids is 
modified. 
[0043] 

The number of bonds (degree of polymerization) of the amino acid in the 
a-helix polypeptide is not particularly limited and may appropriately be selected 
in accordance with the object. However, the number is preferably 10 to 5000. 
When the number of bonds (degree of polymerization) is less than 10, it may not 
be possible for a polyamino acid to form a stable a-helix. On the other hand, 
when the number of bonds (degree of polymerization) exceeds 5000, it may 
sometimes be difficult to achieve vertical orientation. 
[0044] 

Suitable specific examples of the a-helix polypeptides include 
poly glutamic acid derivatives such as poly(y-methyl-L-glutamate), 
poly(y-ethyl-L-glutamate), poly(y-benzyl-L-glutamate), poly(L-glutamic 
acid-y-benzyl), poly(n-hexyl-L-glutamate), etc.; polyaspartic acid derivatives 
such as poly(P-benzyl-L-aspartate); polypeptides such as poly(L-leucine), 
poly (L-alanine) , poly (L-methionine) , poly (L-pheny lalanine) and 

poly(L-lysine)-poly(y-methyl-L-glutamate). 
[0045] 

The a-helix polypeptide may be a commercially available one or may 
appropriately be synthesized or prepared in accordance with methods described 
in known publications or the like. 
[0046] 

As an example of synthesis of the a-helix polypeptide, a synthesis of a 
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block copolypeptide [poly(L-lysine) 2S -poly(y-methyl-L-glutamate)6©]PLLZ 25 -P 
MLG 6 o is shown below. Namely, as shown in the formulae described below, the 
block copolypeptide [poly(L-lysine) 25 -poly(y-methyl-L-glutamate) 60 ]PLLZ 2S -P 
MLG 6 o can be synthesized by firstly polymerizing N e -carbobenzoxy L-lysine 
N a -carboxylic acid anhydride (LLZ-NCA) by using n-hexylamine as an initiator 
and, then, polymerizing y-methyl L-glutamate N-carboxylic acid anhydride 
(MLG-NCA). 
[0047] 

[Chemical 1] 



A synthesis of the a-helix polypeptide is not limited to the 





W on? CH^CH^- NH^C-Cfrt-NH^-^H-NfO^H 




PLLZ,„-PMLG n (mF25.n=60) 



[0048] 
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above-described method, and the a-helix polypeptide can be synthesized by a 
genetic engineering method. Specifically, the a-helix polypeptide can be 
manufactured by transforming a host cell by an expression vector integrated 
with a DNA which encodes the polypeptide to be targeted and, thereafter, 
culturing the resultant transformant, or the like. Examples of such expression 
vectors include a plasmid vector, a phage vector and a chimeric vector of 
plasmid and phage. Examples of such host cells include prokaryotic 
microorganisms such as E. coli and Bacillus subtilis; eukaryotic microorganisms 
such as yeast; and animal cells. 
[0049] 

The a-helix polypeptide may be prepared by cutting out the a-helix 
structural portion from a natural fibrous protein such as a-keratin, myosin, 
epidermin, fibrinogen, tropomysin or silk fibroin. 
[0050] 
[DNA] 

The DNA may be a single-stranded DNA. However, the DNA is 
preferably a double-stranded DNA from the standpoint of capability of stably 
maintaining the rod-shape and intercalating other substances into the interior of 
the molecule and the like. The double-stranded DNA has a double helix 
structure in which two polynucleotide chains, each in the form of a right-wound 
spiral, are formed such that they are positioned around a single central axis in a 
state in which they extend in directions opposite to each other. The 
polynucleotide chains are formed by four types of nucleic acid bases which are 
adenine (A), thymine (T), guanine (G), and cytosine (C). The nucleic acid bases 
in the polynucleotide chain, while existing each in the form of projecting 
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inwardly within a plane which is perpendicular to the central axis, form 
so-called Watson-Crick base pairs and, therein, thymine is specifically linked 
with adenine by a hydrogen bond, and cytosine is specifically linked with 
guanine by a hydrogen bond. As a result, in the double-stranded DNA, two 
polypeptide chains are linked with each other in a complementary manner. 
[0051] 

The DNA can be prepared by known methods such as a PCR 
(Polymerase Chain Reaction) method, an LCR (Ligase Chain Reaction) method, 
a 3SR (Self-Sustained Sequence Replication) method and an SDA (Strand 
Displacement Amplification) method. Among these methods, the PCR method 
is preferable. 
[0052] 

Further, the DNA may also be prepared by a method of directly cutting 
out enzymatically from a natural gene by using a restriction enzyme, a genetic 
cloning method or a chemical synthesis method. 
[0053] 

In a case of the genetic cloning method, a large amount of the DNA can 
be prepared by, for example, integrating a structure in which a normal nucleic 
acid has been amplified into the vector which is selected from among the plasmid 
vector, the phage vector and the chimeric vector of plasmid and phage and, then, 
introducing the vector into an arbitrary host capable of being propagated which 
is selected from among the prokaryotic microorganisms such as £. coli and 
Bacillus subtilis; the eukaryotic microorganisms such as yeast; and the animal 
cells. Examples of such chemical synthesis methods include a liquid phase 
method and a solid phase synthesis method using an insoluble carrier, such as a 
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tri-ester method and a phosphorous acid method. In a case of the chemical 

synthesis method, the double-stranded DNA can be prepared by firstly preparing 

a large amount of single-stranded DNA by using a known automatic synthesizing 

device or the like and, thereafter, subjecting the thus-prepared single-stranded 

DNA to annealing. 

[0054] 

[Amylose] 

Amylose referred to in the above description is a polysaccharide having 
a spiral structure in which D-glucose molecules, which form starch which is a 
homopolysaccharide of a higher plant for storage, are joined with each other in a 
straight chain state by a-1,4 bonds. A molecular weight of the amylose is 
preferably several thousands to about 150,000 as a number average molecular 
weight. The amylose may be a commercially available one or appropriately 
prepared in accordance with a known method. Amylopectin may be contained 
in the amylose as a portion thereof. 
[0055] 

Length of the rod-shaped body is not particularly limited and may be 
appropriately selected in accordance with the object. However, from the 
standpoint of generating the structural color formation to be described below, it 
is preferably 810 nm or less and, more preferably, 10 nm to 810 nm. 
[0056] 

A diameter of the rod-shaped body is not particularly limited and is 
about 0.8 to about 2.0 nm in a case of the a-helix polypeptide. 
[0057] 

The entire rod-shaped body may be hydrophobic or hydrophilic, or 
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otherwise it may be amphiphilic such that a portion thereof is hydrophobic or 
hydrophilic and the other portion shows an affinity reverse to the former 
portion. 
[0058] 

In a case of such amphiphilic rod-shaped body, respective numbers of 
lipophilic (hydrophobic) portions and hydrophilic portions are not particularly 
limited, and may appropriately be selected in accordance with the object. 
Further, in this case, such lipophilic (hydrophobic) portion and hydrophilic 
portion may alternately be positioned, or any one portion thereof may be 
positioned only at one end portion of the rod-shaped body. 
[0059] 

An example of the amphiphilic rod-shaped body is shown in FIG. 1. In 
FIG. 1, the rod-shaped body 10 comprises a lipophilic portion (hydrophobic 
portion) 10a at one end side thereof and a hydrophilic portion 10b at the other 
end side thereof. 
[0060] 

In the above-described film, the above-described structural color 
formation, which exhibits a structural color formation, is such color formation 
as occurs on a surface of the film as a result after light having a specified 
wavelength is reflected in accordance with the thickness and the refractive index 
of the film when an external stimulus such as an electric field, a magnetic field, 
heat or light (for example, natural light, infrared light or ultraviolet light) is 
applied to the film based on the multilayer thin-film interference theory which is 
a basic principle of the color formation of scaly powder of wings of a Morpho 
butterfly. In this color formation, a color tone thereof can arbitrarily be 
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controlled by the external stimulus as with an epidermis of a chameleon. 
[0061] 

Hereinafter, the principle of the structural color formation will be 
explained. As shown in FIGS. 2 and 3, the wavelength (A,) of the interference 
light by the film of the rod-shaped body at the time light is irradiated on the film 
is intensified under the condition expressed by the following formula (1) and is 
weakened under the condition expressed by the following formula (2): 
[0062] 

[Mathematical Formula 4] 



In the above-described formulae (1) and (2), X denotes the wavelength 
(nm) of the interference light; a denotes the angle of incidence (degree) of the 
light onto the film; t represents the thickness (nm) of the film; 1 represents the 
number of films; n represents the refractive index of the film; and m represents 
an integer of 1 or more. 



Thickness of the film is, preferably, 810 nm or less and, more preferably, 
10 nm to 810 nm. By appropriately changing the thickness of the film, the color 
(wavelength) of the structural color formation can be changed. In this case, 
applications to color image formation and the like are possible. 





[0063] 



[0064] 
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[0065] 

The film may be a monomolecular film or a laminated film formed by 
such monomolecular films. The monomolecular film or the laminated film 
formed by the monomolecular films can be formed, for example, in accordance 
with Langmuir-Blodgett's technique (LB technique). At this time, a known LB 
film forming device (for example, NL-LB400NK-MWC manufactured by Nippon 
Laser & Electronics Laboratories, Co., or the like is suitably mentioned) may be 
used. 
[0066] 

The formation of the monomolecular film can be carried out by, for 
example, forming the monomolecular film on a substrate 50 by using an extruder 
member 60 in a state in which lipophilic (hydrophobic) or amphiphilic 
rod-shaped bodies are floated on a water surface (on an aqueous phase), or in a 
state in which hydrophilic or amphiphilic rod-shaped bodies are floated on an oil 
surface (on an oil phase), that is, as shown in FIG. 4, in a state in which the 
rod-shaped bodies 10 are oriented. By repeating such operation as described 
above, the laminated film, in which an arbitrary number of monomolecular films 
is laminated on the substrate 50, can be formed. Further, when the 
monomolecular film or the laminated film is fixed to the substrate 50, the 
structural color formation by the monomolecular film or the laminated film can 
stably be exhibited; such feature as described above is preferable. 
[0067] 

The substrate 50 is not particularly limited, and a material, 
configuration, size, and the like thereof can be appropriately selected in 
accordance with the object. However, it is preferable thon the surface thereof is 
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subjected in advance to an appropriate surface treatment for the purpose of 
facilitating adhesion and bonding of the rod-shaped bodies 10 thereto. For 
example, in a case in which the rod-shaped bodies 10 (for example, a-helix 
polypeptides) are hydrophilic, it is preferable to carry out in advance a surface 
treatment such as a hydrophilicizing treatment or the like using 
octadecyl-trimethyl siloxane or the like. 
[0068] 

When a monomolecular film of the amphiphilic rod-shaped bodies is 
formed, the state of the rod-shaped bodies floating on an oil phase or an aqueous 
phase is, as shown in FIG. 5, such that, on the aqueous phase or the oil phase, the 
lipophilic portions (hydrophobic portions) 10a of the rod-shaped bodies 10 are 
oriented adjacent to one another, and the hydrophilic portions 10b are oriented 
adjacent to one another. 
[0069] 

The above is an example of a monomolecular film or a laminated film 
formed by monomolecular films, in which the rod-shaped bodies are oriented in 
a planar direction of the monomolecular film (in a state of lying down sideways). 
However, a monomolecular film in which the rod-shaped bodies are oriented in a 
direction of thickness of the monomolecular film (in a state of standing erect) 
can be formed, for example, as described below. Namely, as shown in FIG. 6, 
first, in a state in which the amphiphilic rod-shaped bodies 10 (a-helix 
polypeptides) are floated on the water surface (on the aqueous phase) (in the 
state in which the rod-shaped bodies 10 are lying down sideways), a pH of such 
water as described above (aqueous phase) is allowed to be alkaline of about 12. 
Then, the a-helix structures of the hydrophilic portions 10b of the rod-shaped 
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bodies 10 (a-helix polypeptides) come undone and the hydrophilic portions 10b 
come to have random structures. At this time, the a-helix structures of the 
lipophilic portions (hydrophobic portions) 10a in the rod-shaped bodies 10 
(a-helix polypeptides) are maintained as they are. Next, the pH of the water 
(aqueous phase) is allowed to be acidic of about 5. Then, the hydrophilic 
portions 10b of the rod-shaped bodies 10 (a-helix polypeptides) again assume 
a-helix structures. At this time, when a pushing member, which abuts the 
rod-shaped bodies 10 (a-helix polypeptides), pushes the rod-shaped bodies 10 
(a-helix polypeptides) from the side surface of the pushing member due to air 
pressure, the rod-shaped bodies 10 remain in their erect state with respect to the 
water (aqueous phase), and the hydrophilic portions 10b thereof are, in the 
aqueous phase, directed in a direction which is substantially orthogonal to the 
water surface and take on a-helix structures. Then, as was described above 
with reference to FIG. 5, by extruding the rod-shaped bodies 10 (a-helix 
polypeptides) on the substrate 50 by using the extruder member 60 in the state in 
which the rod-shaped bodies 10 (a-helix polypeptides) are oriented, the 
monomolecular film can be formed on the substrate 50. By repeating such 
operation as described above, a laminated film, in which an arbitrary number of 
monomolecular films is laminated, can be formed on the substrate 50. 
[0070] 

The rod-shaped bodies are oriented in the film. In the present 
invention, it is preferable that the rod-shaped bodies have a structure variable 
body attached or bonded thereto. 
[0071] 

The structure variable body is not particularly limited, so long as the 
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structure thereof can be changed by a stimulus and can appropriately be selected 

in accordance with the object. 

[0072] 

The stimulus is not particularly limited and light, an electrical field, 
heat, a magnetic field, pressure and the like are mentioned. Any one of the 
light, the electrical field and the heat is preferable. 
[0073] 

Examples of structure variable bodies whose structures can be varied by 
light include a stereoisomer and a structural isomer. 
[0074] 

Examples of such stereoisomers include a configurational isomer and a 
conformational isomer (rotational isomer). Examples of such configurational 
isomers include a geometric isomer, an enantiomer and a diastereoisomer. 
[0075] 

Examples of such structural isomers include a skeletal isomer, a 
positional isomer, a functional isomer, a ring isomer and a meta-isomer. The 
structure variable bodies thereof in which structures are varied by light may be 
used alone or in combinations of two or more types. 
[0076] 

Examples of structure variable bodies, whose structures can be changed by an 
electrical field, include liquid crystalline molecules. Examples of the liquid 
crystalline molecules include rod-shaped liquid crystalline molecules and 
discotic liquid crystalline molecules. 
[0085] 

Examples of rod-shaped liquid crystalline molecules include azomethine 
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compounds, azoxy compounds, cyanobiphenyl compounds, cyanophenylester 
compounds, benzoic acid ester compounds, cyclohexane carboxylic acid 
phenylester compounds, cyanophenyl cyclohexane compounds, cyano-substituted 
phenylpyrimidine compounds, alkoxy-substituted phenylpyrimidine compounds, 
phenyldioxane compounds, tolane compounds and alkenyl cyclohexyl 
benzonitrile compounds. Further,polymeric liquid crystalline molecules are 
also suitably mentioned. 
[0078] 

Examples of the discotic liquid crystalline molecules include compounds 
described in various publications (such as C. Destrade et al., "Mol. Crysr. Liq. 
Cryst.", Vol. 71, p. Ill (1981); "Kikan Kagaku Sosetsu" ("Quarterly Chemical 
Review"), No. 22, "Ekisho no Kagaku" ("Chemistry of Liquid Crystals"), 
Chapter 5, Chapter 10, Section 2 (1994), edited by the Chemical Society of 
Japan; B. Kohne et al., Angew, "Chem. Soc. Chem. Comm.", p. 1794 (1985); J. 
Zhang et al., "J. Am. Chem. Soc", Vol. 116, p. 2655 (1994)) and, further, in JP-A 
Nos. 5-5837, 8-27284, 8-334621 and 9-104656). One type of structure variable 
body, whose structure can be changed by an electrical field, may be used alone, 
or in combinations of two or more types. 
[0079] 

Examples of structure variable bodies, whose structures can be changed 
by heat, include substances exhibiting thermal expansion and thermal 
contraction, namely, substances exhibiting crystal fusion or crystallization due 
to heat, thermoplastic substances, thermosetting substances and the liquid 
crystalline molecules. 
[0080] 
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Examples of such thermoplastic substances include thermoplastic resins, 
and specific examples thereof include polyethylene, polypropylene, polyvinyl 
chloride, polystyrene, polyvinylidene chloride, fluorocarbon resins, polymethyl 
methacrylate, polycondensation polyamide, polyester, polycarbonate, 
polyphenylene oxide, polyaddition thermoplastic polyurethane and ring-opening 
polymerization polyacetal. Examples of such thermosetting substances include 
thermosetting resins, and specific examples thereof include urea resins, 
melamine resins and phenol resins. The structure variable body, whose 
structure can be changed by heat, may be used alone, or in combinations of two 
or more types. 
[0081] 

Structure variable bodies whose structures can be reversibly changed 
are preferably used from the point in that they can be suitably used in various 
types of applications requiring control of changes in color formation. For this 
reason, the geometrical isomers, liquid crystalline molecules and the like are 
preferable, and geometrical isomers are more preferable. 
[0082] 

The geometrical isomer is not particularly limited, so long as the 
structure thereof can be changed by light. Examples thereof include cis-trans 
isomers and syn-anti isomers. Compounds having a structure including an azo 
group (-N=N-), for example, azo compounds, azoxy compounds, and the like, are 
particularly suitable. 
[0083] 

Examples of the azo compounds include azobenzene compounds, 
azomethane compounds, azodicarbonamide compounds and diethyl 
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azodicarboxylic acid compounds. Examples of the azoxy compounds include 
azoxy dibenzoic acid compounds and azoxybenzene compounds. 



The change in the structure when the azobenzene compound is 
irradiated by light is described below. An azobenzene compound (trans-isomer) 
usually has an absorption band at 300 to 400 nm, and is a molecule in which 
length between the para positions and an azo group in a benzene ring is about 
9.0 angstrom ((a) as described below). When this compound is irradiated with 
ultraviolet light, the structure changes to an azobenzene compound (cis-isomer) 
which is a molecule in which the length between the para positions and the azo 
group in the benzene ring is about 5.5 angstrom ((b) as described below). On 
the other hand, when the cis-isomer is irradiated with visible light, the structure 
of the cis-isomer is changed into that of the trans-isomer. 



[0084] 



[0085] 



[Chemical 2] 
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[0086] 

The structure variable body may be bonded to a straight chain of the 
rod-shaped body 10 as shown in FIG. 7, or to a side chain of the rod-shaped body 
10 as shown in FIG. 8. The method of bonding the structure variable body to 
the rod-shaped body is not particularly limited, and can appropriately be 
selected in accordance with the type of the structure variable body, the type of 
the rod-shaped body, and the like. 
[0087] 

In a case in which the structure variable body is bonded to the side 
chain of the rod-shaped body, a ratio of the structure variable body to an entire 
side chain of the rod-shaped body is not particularly limited, and can 
appropriately be selected in accordance with the object. 
[0088] 

At the image forming element, when the stimulus (light, an electrical 
field, heat, or the like) is acted, the structure of the structure variable body is 
changed. The thickness of the film in the image forming element is freely 
changed due to the change in the structure of the structure variable body. For 
example, in a case in which the rod-shaped bodies in the image forming element 
are allowed to be each an a-helix polypeptide and the structure variable bodies 
bonded to the rod-shaped bodies are an azobenzene compound, in a state in 
which one end of the azobenzene compound is bonded to one end of the a-helix 
polypeptide and the other end of the azobenzene compound is bonded to the 
substrate, as shown in FIG. 9, the azobenzene compound assumes a trans 
structure at the time the visible light is irradiated, while it assumes a cis 
structure at the time the ultraviolet light is irradiated. The thickness of the 
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film is greater when the azobenzene compound has a trans structure than when 
it has a cis structure. Further, in a state in which one end of the azobenzene 
compound is bonded to the peripheral side face of the a-helix polypeptide and 
the a-helix polypeptide is fixed to the substrate in a state of being oriented 
horizontally, as shown in FIG. 10, the azobenzene compound assumes the trans 
structure at the time the visible light is irradiated, and assumes the cis structure 
at the time the ultraviolet light is irradiated. The thickness of the film is 
greater when the azobenzene compound has a trans structure than when it has a 
cis structure. 
[0089] 

On this occasion, when the thickness of the film in the image forming 
element is determined such that the structural color formation is exhibited at the 
time the ultraviolet light is irradiated and the structural color formation is not 
exhibited at the time the visible light is irradiated, the structural color 
formation can be exhibited in an ON-OFF manner. Further, when the thickness 
of the film in the image forming element is determined such that the color 
formation due to the structural color formation is exhibited at the time the 
ultraviolet light is irradiated and another color formation is exhibited at the 
time the visible light is irradiated, the structural color formation can be changed 
between two colors. Such image forming elements can suitably be used in 
image formation. 
[0090] 

The image forming element is easy to manufacture, can form images 
easily and at a low cost, is safe without the fear of causing environmental 
problems at the time of disposal, can be used widely in various types of fields, 
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can suitably be used in the field of image formation and in the field of color 
image formation, and can particularly suitably be used in the image forming 
apparatus according to the present invention. 
[0091] 

The image forming apparatus according to the present invention 
comprises at least the image forming element according to the present invention, 
and a light irradiating means which irradiates light on the image forming 
element. In a case in which the image forming element has the structure 
variable body, the image forming apparatus also comprises stimulus imparting 
means which imparts a stimulus to the structure variable body and, further, 
optionally comprises other means which are appropriately selected. 
[0092] 

The image forming apparatus comprises the image forming element as a 
pixel for image formation. The pixel may be formed by a single type of the 
image forming element, or by simultaneously using two or more types of the 
image forming elements. In the latter case, it is preferable to form the pixel by 
appropriately selecting the combination of wavelengths of the interference light 
by the image forming elements which are simultaneously used, namely, 
specifically, by simultaneously using an image forming element in which color 
formation by interference light is blue (blue element), an image forming element 
in which color formation by interference light is green (a green element) and an 
image forming element in which color formation by interference light is red (a 
red element). This case is preferable from the point in that the color formation 
of the pixels can be performed in full color. In this case, when the blue color 
element and the green color element reflect light, the pixel exhibits a cyan color; 
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when the blue element and the red element reflect light, the pixel exhibits a 
magenta color; and when the green element and the red element reflect light, the 
pixel exhibits a yellow color. 
[0093] 

In the present invention, when the color formation by such interference 
color is blue, it suffices that the wavelength of the interference light is in a 
wavelength region which generally exhibits blue and is, for example, in the 
wavelength region of about 400 nm to less than 500 nm. When the color 
formation by the interference color is green, it suffices that the wavelength of 
the interference light is in the wavelength region which generally exhibits green 
and is, for example, in the wavelength region of about 500 nm to less than 600 
nm. When the color formation by the interference color is red, it suffices that 
the wavelength of the interference light is in the wavelength region which 
generally exhibits red and is, for example, in the wavelength region of about 600 
nm to less than 700 nm. 
[0094] 

The light irradiating means is not particularly limited and may 
appropriately be selected in accordance with the object. Suitable examples 
include a light source which can irradiate visible light. It is preferable that 
driving the light irradiating means is controlled by a controlling means such as a 
computer. 
[0095] 

The stimulus imparting means is not particularly limited and may 
appropriately be selected in accordance with the type of the structure variable 
body. Suitable examples include a light source which can switch between 
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irradiating visible light and irradiating ultraviolet light, a power source which 
can apply an electrical field and a heat source which can apply heat. It is 
preferable that the driving of the stimulus imparting means is controlled by a 
controlling means such as a computer. 
[0096] 

Modes of the image forming apparatus are not particularly limited and 
may appropriately be selected in accordance with the object. For example, a 
mode in which the image forming element reflects light which is irradiated by 
the light irradiating means as interference light and, also, the wavelength of the 
interference light is 300 to 810 nm is preferable. Further, preferable is another 
mode in which, as the image forming elements, the image forming apparatus 
comprises at least an image forming element in which color formation by 
interference light is blue; an image forming element in which the color formation 
by the interference light is green; and an image forming element in which the 
color formation by the interference light is red and, also, the pixel is formed by 
these image forming elements. 
[0097] 

Still further, preferable is another mode in which the image forming 
apparatus comprises the stimulus imparting means, and the structure of the 
structure variable body in the image forming element is reversibly varied to a 
first structure and a second structure by a stimulus of the stimulus imparting 
means, and the wavelength of the interference light by the image forming 
element in a case in which the structure variable body has at least one of the 
first structure and the second structure is 300 to 810 nm. 
[0098] 
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Furthermore, preferable is another mode in which the image forming 
apparatus comprises the stimulus imparting means, and the structure of the 
structure variable body in the image forming element is reversibly varied to a 
first structure and a second structure by a stimulus of the stimulus imparting 
means, and the wavelength of the interference light by the image forming 
element in a case in which the structure variable body has at least one of the 
first structure and the second structure is 300 to 810 nm. 
[0099] 

In addition, preferable is another mode in which the image forming 
apparatus comprises the stimulus imparting means, and has a plurality of pixels 
each having at least an image forming element (hereinafter, referred to also as 
"blue element") in which the color formation by the interference light in a case 
in which the structure variable body has a first structure is blue and the color 
formation by the interference light in a case in which the structure variable body 
has a second structure (meaning a case in which the interference light is light 
other than visible light; hereinafter, the same holds true) is colorless, and an 
image forming element (hereinafter, "green element") in which the color 
formation by the interference light in a case in which the structure variable body 
has a first structure is green and the color formation by the interference light in 
a case in which the structure variable body has a second structure is colorless, 
and an image forming element (hereinafter, "red element")in which the color 
formation by the interference light in a case in which the structure variable body 
has a first structure is red and the color formation by the interference light in a 
case in which the structure variable body has a second structure is colorless. In 
other words, a mode in which the image forming apparatus has a plurality of 
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pixels, each having the blue element, the green element and the red element, is 
preferable. In the case of this mode, when the stimulus imparting means 
imparts a blue color forming stimulus, a green color forming stimulus, and a red 
color quenching stimulus, at the pixel, a cyan color is exhibited by a synthesis of 
the formed colors of blue and green. When the stimulus imparting means 
imparts a blue color forming stimulus, a green color quenching stimulus, and a 
red color forming stimulus, at the pixel, a magenta color is exhibited by the 
synthesis of the formed colors of blue and red. When the stimulus imparting 
means imparts a blue color quenching stimulus, a green color forming stimulus 
and a red color forming stimulus, at the pixel, a yellow color is exhibited by the 
synthesis of the formed colors of green and red. Accordingly, the image 
forming apparatus is preferable from the point in that formation of a full color 
image is possible by combining these pixels. 
[0100] 

Since the image forming apparatus uses the image forming element 
according to the present invention, the image forming apparatus is easy to 
manufacture, can form images easily and at a low cost, is safe without the fear of 
causing environmental problems at the time of disposal, can form color images, 
and can suitably be used in various types of fields of image formation. 
[0101] 

[EXAMPLES] 

Hereinafter, embodiments according to the present invention will be 
explained. However, the present invention is by no means limited thereto. 
[0102] 

(EXAMPLE 1) 
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A monomolecular film of an a-helix polypeptide was formed on a substrate, and 
thereon, another monomolecular film which was the same was layered, so as to 
form a laminated film. An image forming element according to the present 
invention was thus prepared. As will be described hereinafter, it was confirmed 
that the image forming element exhibited a structural color formation as 
described below. The relationship between the structural color formation and 
the number of layered monomolecular films of the image forming element was 
also investigated. 
[0103] 

A poly(n-hexyl L-glutamate), whose monomer unit was a structure in 
which the hydrogen atom of the carboxyl group of the glutamic acid was 
substituted by an n-hexyl group (hereinafter, referred to also as "PHeLG"), was 
used as the a-helix polypeptide. This PHeLG was obtained by a polymerization 
reaction of L-glutamic acidy-methyl ester using benzyl amine as a 
polymerization initiator. The degree of polymerization was 114 as measured by 
*H-NMR measurement. The substrate was a silicon substrate (manufactured by 
Shin-Etsu Chemical Co., Ltd.) which was subjected to a surface treatment by 
using octadecyl trimethoxysilane (manufactured by Tokyo Kasei Kogyo Co., 
Ltd.). The monomolecular film was formed by using an LB film forming device 
(NL-LB400NK-MWC manufactured by Nippon Laser & Electronics Laboratory, 
Co.). In the PHeLG, a pitch of the spiral of the a-helix was 0.15 (nm/amino 
acid residue), and a diameter of the a-helix was 1.5 (nm). 
[0104] 

When the FT-IR spectrum of a laminated film in which 120 of the 
monomolecular films were laminated one on top of another was measured, four 
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peaks were obtained. One was a peak of 1738 cm* 1 based on the C=0 group of 
the side chain. Another was a strong peak of 1656 cm" 1 based on the amide 
group I in the a-helix structure. Yet another was a small, weak peak of 1626 
cm -1 based on the amide group I in the p-structure. The last one was a peak of 
1551 cm" 1 based on the amide group II in the a-helix structure. From these 
results of measurements of the FT-IR spectrum, it was confirmed that the 
PHeLG molecule maintains the a-helix structure in the monomolecular film. 
[0105] 

Since the thickness of a laminated film when 20 monomolecular films 
formed by PHeLG were laminated one on top of another was 32 mm, the 
thickness of each monomolecular film formed by PHeLG was 1.6 nm. 
[0106] 

Next, the relationship between the number of layers in the laminated 
film formed by the monomolecular films and the structural color formation was 
investigated. Laminated films formed by layering 60, 70 and 80 monomolecular 
films, respectively, exhibited the visible light reflection spectra as shown in FIG. 
11. Further, it was confirmed that a laminated film in which 40 to 50 
monomolecular films were layered exhibited the color formation of brown color; 
a laminated film in which 60 to 70 monomolecular films were layered exhibited 
dark blue (a deep blue); a laminated film in which 80 to 100 monomolecular 
films were layered exhibited light blue (a weak blue); a laminated film in which 
up to around 120 monomolecular films were layered exhibited yellow color; and 
a laminated film in which up to 160 monomolecular films were layered exhibited 
red-violet. 
[0107] 



47 



Specifically, the visible light reflection spectra of the laminated film in 
which 40 monomolecular films were layered, a laminated film in which 80 
monomolecular films were layered, and a laminated film in which 120 
monomolecular films were layered, are shown in FIG. 12. As can be seen from 
FIG. 12, the reflectance (%) of the laminated film in which 80 films were layered 
exhibited a maximum peak at 418 nm, and this laminated film became blue. 
Further, the reflectance (%) of the laminated film in which 40 films were layered 
exhibited a minimum at 456 nm, and this laminated film became brown (dark 
orange) which is a complementary color of blue. The reflectance (%) of the 
laminated film in which 120 films were layered exhibited a maximum peak at 619 
nm, and the reflectance (%) exhibited a minimum at 409 nm and, then, the 
laminated film became yellow color based on the intensified light of 619 nm 
rather than the weakened light of a wavelength of 409 nm. 
[0108] 

The wavelength (A,) of the visible light reflection spectrum was affected 
by the angle of incidence (a) of the light onto the laminated film formed by the 
monomolecular films. The condition under which the wavelength (X.) was 
intensified is as represented by the following formula (1), and the condition 
under which the wavelength (A.) was weakened is as represented by the following 
formula (2): 
[0109] 

[Mathematic Formula 5] 
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In formula (1) and formula (2), A. denotes the wavelength (nm) of the 
interference light; a denotes the angle of incidence (degree) of light onto the 
monomolecular film or the laminated film; t represents the thickness (nm) of the 
monomolecular film; 1 represents the number of monomolecular films; n 
represents the refractive index of the monomolecular film; and m represents an 
integer of 1 or more. 



The relationship between the wavelength (X) of the visible light 
reflection spectrum and the angle of incidence (a) of the light onto the laminated 
film formed by the monomolecular films was investigated and found to be as 
shown in FIG. 13. As shown in FIG. 13, the actual measured values of the 
wavelengths (X) of 5 reflection spectra for five angles of incidence (a), and the 
wavelengths (A,s) computed by using above formulas (1) and (2) substantially 
coincided. Further, in FIG. 13, the mark "solid diamond" denotes the minimum 
spectrum of a laminated film in which 40 films were layered, the mark 
"quadrature" denotes the maximum spectrum of a laminated film in which 80 
films were layered, the mark "large circle" denotes the maximum spectrum of a 
laminated film in which 120 films were layered, and the mark "solid circle" 
denotes the minimum spectrum of the laminated film in which 120 films were 



[0111] 
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layered. Further, line I is the results of computation by formula (1) under the 
conditions of 1=120 and m=l. Line II is the results of computation by formula 
(1) under the conditions of 1=80 and m=l, or by formula (2) under the conditions 
of 1=40 and m=l, or by formula (2) under the conditions of 1=120 and m=2. In 
all of these cases, other conditions are t=1.7 (nm) and n=1.6 (The lines of the 
three types of results of computation substantially overlap one another.). 
[0112] 

From the above results, it can be understood that, when the image 
forming element of Example 1 was used, a color image was able to be formed. 
[0113] 

(EXAMPLE 2) 

Firstly, a-helix-copolypeptide PLLZ 2 5-P(MLG 42 /LGAi 8 ) was prepared as 
described below as the a-helix polypeptide which was the rod-shaped body. 
Namely, the polymerization of N e -carbobenzoxy L-lysine N a -carboxy acid 
anhydride (LLZ-NCA) was carried out by using n-hexylamine as an initiator. 
Next, by polymerizing y-methyl L-glutamate N-carboxy acid anhydride 
(MLG-NCA), a block copolypeptide PLLZ X -PMLG Y , in which the degree of 
polymerization of the PLLZ portion was x and the degree of polymerization of 
the PMLG portion was y, was prepared. Thereafter, the PMLG segment was 
partially hydrolysized and allowed to be L-glutamic acid (LGA), such that 
a-helix copolypeptide PLLZ X -P(MLG Y /LGA 2 ) was prepared. Then, azobenzene 
compound was bonded to one end of the a-helix copolypeptide 
PLLZ X -P(MLG Y /LGA 2 ), and this azobenzene compound was fixed to the 
substrate used in Example 1. A plurality of structures as described above were 
oriented such that a molecular film was formed, to thereby prepare an image 
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forming element. 
[0114] 

Three types of image forming elements were obtained whose degrees of 
polymerization (X+Y+Z) of the a-helixcopolypeptide were set in the range of 
260 to 5400, and the obtained image forming elements had three types of 
thicknesses* One type of image forming element was an image forming element 
(hereinafter, referred to also as u blue element") in which the color formation by 
the interference light when the azobenzene compound had a trans structure was 
blue (the wavelength of the interference light was about 400 nm to less than 500 
nm) and in which the color formation by the interference light when the 
azobenzene compound had a cis structure was colorless (the wavelength of the 
interference light was other than 300 to 810 nm). Another type was an image 
forming element (hereinafter, referred to also as "green element") in which the 
color formation by the interference light when the azobenzene compound had a 
trans structure was green (the wavelength of the interference light was about 500 
nm to less than 600 nm) and in which the color formation by the interference 
light when the azobenzene compound had a cis structure was colorless (the 
wavelength of the interference light was other than 300 to 810 nm). The final 
type was an image forming element (hereinafter, referred to also as "red 
element") in which the color formation by the interference light when the 
azobenzene compound had a trans structure was red (the wavelength of the 
interference light was about 600 nm to less than 700 nm) and in which the color 
formation by the interference light when the azobenzene compound had a cis 
structure was colorless (the wavelength of the interference light was other than 
300 to 810 nm). 
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[0115] The image forming apparatus in Example 2 comprised a plurality of 
pixels each having the above-described blue element, green element and red 
element. Further, the image forming apparatus further comprised, as the light 
irradiating means, a light source which irradiated visible light onto these 
elements and, also, as the stimulus imparting means, a light source (stimulus 
imparting light source) which alternately irradiated visible light and ultraviolet 
light onto the azobenzene compound in these elements. These two light sources 
were designed such that the driving thereof was able to be controlled by a 
computer. 
[0116] 

In the image forming apparatus, since the stimulus imparting light 
source irradiated visible light as the blue color forming stimulus, the azobenzene 
compound in the blue element was changed to a trans structure. As a result, 
the thickness of the film in the blue element was changed. Accompanying the 
changes of the azobenzene compound between the trans structure and the cis 
structure, the thickness of the film was reversibly changed between two 
thicknesses which are a thickness in the case in which the azobenzene compound 
in the blue element was a trans structure and the thickness when the azobenzene 
compound was a cis structure. The light source irradiated visible light onto the 
blue element. Then, at the time the thickness of the film in the blue element 
was the thickness in the case in which the azobenzene compound was the trans 
structure, blue interference light was reflected from the film. Then, blue color 
formation occurred on the surface of the film. On the other hand, when the 
stimulus imparting light source irradiated ultraviolet light as the blue color 
quenching stimulus, the azobenzene compound in the blue element was changed 
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from a trans structure to a cis structure. As a result, the thickness of the film 
in the blue element was changed to the thickness at the time the azobenzene 
compound was a cis structure. At the time the thickness of the film was the 
thickness in the case in which the azobenzene compound was the cis structure, 
the film reflected colorless interference light. Namely, light other than visible 
light was reflected and, thus, the above-deseribed structural color formation did 
not occur. 
[0117] 

When the stimulus imparting light source irradiated the visible light as 
the green color forming stimulus, in the same manner as in the blue element, the 
light irradiated onto the film in the green element was reflected as green 
interference light. Then, green color formation occurred on the surface of the 
film. On the other hand, when the stimulus imparting light source irradiated 
ultraviolet light as the green color quenching stimulus, the thickness of the film 
in the green element was changed to the thickness in the case in which the 
azobenzene compound was a cis structure. In this case, since the film reflected 
colorless interference light, namely, since light other than visible light was 
reflected, the structural color formation did not occur. When the stimulus 
imparting light source irradiated visible light as the red color forming stimulus, 
in the same manner as in the blue element, the light irradiated onto the film in 
the red element was reflected as red interference light. Then, red color 
formation occurred on the surface of the film. On the other hand, when the 
stimulus imparting light source irradiated ultraviolet light as the red color 
quenching stimulus, the thickness of the film in the red element was changed to 
the thickness in the case in which the azobenzene compound was a cis structure. 
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In this case, since the film reflected colorless interference light, namely, since 
light other than visible light was reflected, the structural color formation did not 
occur. 
[0118] 

In the image forming apparatus, it was confirmed that, when the 
stimulus imparting light source imparted the blue color forming stimulus, the 
green color forming stimulus, and the red color quenching stimulus and, then, 
the light source irradiated visible light onto the pixel, at the pixel, the cyan color 
was formed by the synthesis of color formations of the blue and green colors. 
Further, in the image forming apparatus, it was confirmed that, when the 
stimulus imparting light source imparted the blue color forming stimulus, the 
green color quenching stimulus, and the red color forming stimulus and, then, 
the light source irradiated visible light onto the pixel, at the pixel, the magenta 
color was formed by the synthesis of color formations of the blue and red colors. 
Still further, in the image forming apparatus, it was confirmed that, when the 
stimulus imparting light source imparted the blue color quenching stimulus, the 
green color forming stimulus, and the red color forming stimulus and, then, the 
light source irradiated visible light onto the pixel, at the pixel, the yellow color 
was formed by the synthesis of color formations of the green and red colors. 
When color formation control of these pixels was simultaneously performed, a 
full color image was able to be formed. 
[0119] 

[Advantage of the Invention] 

According to the present invention, the image forming element which 
can solve various types of problems related to prior art, can easily be 
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manufactured at a low cost, can conventionally form the image and is safe 
without the fear of causing the environmental problem at the time of disposal, 
and the image forming apparatus which can form the color image by using the 
image forming element can be provided. 
[Brief Description of the Drawings] 

[FIG. 1] FIG. 1 is a schematic explanatory view illustrating an example of an 
amphiphilic rod-shaped body. 

[FIG. 2] FIG. 2 is a schematic view for explaining interference of light due to a 
monomolecular film of the rod-shaped bodies provided on a substrate. 
[FIG. 3] FIG. 3 is a schematic view for explaining the principle of structural 
color formation. 

[FIG. 4] FIG. 4 is a schematic explanatory view illustrating formation of a 
monomolecular film by the rod-shaped bodies. 

[FIG. 5] FIG. 5 is a schematic explanatory view illustrating an example of a 
state in which the amphiphilic rod-shaped bodies are oriented on water (aqueous 
phase). 

[FIG. 6] FIG. 6 is a schematic explanatory view illustrating an example of a 
method of allowing the amphiphilic rod-shaped bodies to stand erect on water 
(aqueous phase). 

[FIG. 7] FIG. 7 is a schematic explanatory view illustrating an aspect in which 

a structure variable body is bonded to one end of the rod-shaped body. 

[FIG. 8] FIG. 8 is a schematic explanatory view illustrating an aspect in which 

structure variable bodies are bonded to a peripheral side face of the rod-shaped 

body. 

[FIG. 9] FIG. 9 is a schematic explanatory view illustrating an example of an 
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image forming element according to the present invention. 

[FIG. 10] FIG. 10 is a schematic explanatory view illustrating another example 
of an image forming element according to the present invention. 
[FIG. 11] FIG. 11 is a graph showing the relationship between wavelengths of 
the structural color formation by laminated films (60 layers, 70 layers, 80 layers) 
in which monomolecular films of the rod-shaped bodies are laminated one on top 
of another and thicknesses of the laminated films. 

[FIG. 12] FIG. 12 is a graph showing the relationship between wavelengths of 
the structural color formation by laminated films (40 layers, 80 layers, 120 
layers) in which monomolecular films of the rod-shaped bodies are laminated 
one on top of another and thicknesses of the laminated films. 

[FIG. 13] FIG. 13 is a graph showing the relationship between angles of 
incidence a (.degree.) of light on laminated films (40 layers, 80 layers, 120 
layers) in which monomolecular films of the rod-shaped bodies are laminated 
one on top of another and reflection wavelengths k (nm). 
[Description of Reference Numerals and Signs] 
10 rod-shape body 

10a lipophilic portion (hydrophobic portion) 

10b hydrophilic portion 

30 structure variable body 

50 substrate 

60 extruder member 
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5o KW«*«*^lc*5VNTI4. MEI^, ^7*» 

(4. IWE^»«l«lcj:0*p« i/tyo*fi(OJ: o\z^t<K> 

t4, ■IftSl&TO-OfcS. 
[0 0 0 9] MfS< 2 > JcE*OiB«^*^f4, BJE 
<l>[^io^t:, I^)IW8 10nmOTffc5„ r 

*T-»4Bf(k**^r«T?*>«. 

[0010] fl9E< 3 >idE«oiiifc«rt»^Ht, tme 
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mam*, mmm^x *) ^m^m^mt^mxh v . 
[0011] ittjfs< 4 >\cmm<Dmmmm*n, fiia 

< 1 >frh< 3 ><7>^T n^^*3^T, RlCiST^ft 
a*, Tia^ (l) <0&#T^fce>;tx. TiSf&i* (2) 
cD^-C^^bix5o Z(Dtz#>. mfc& (1) 
»ftst (2) (O^kWt *m-Mm$l-?Z> w £ tc J: t>, SfS 

[0012] 
[«3] 

A = 2 * ' "\/ n 2 -s i n 2 or (1) 



A = 4 * 1 A/" 2 ~ s i n 2 Of (2) 
2 m — 1 V 

[0013] (iu tHreftA (i) sirna (2) ic* 

V^T, A(i, T**©** (nm) all, 
<Dyt<DAfttft (£) fc*U tr±, R<£>ff«^ (nm) Sr 

[0014] gj|5< 5 >lc|E«OBIfc*ril**H:. MIS 
< l >a>6>< 4 >cot^ixd^c*5V^"C. R^XK±t-H 

[0015] «te< 6 >»cB«©««»j*sirf-tt:, Mia 

u^t, Kint»»tt-efc5©-e, se^"Cfco, Mil 
[ooi6] imhb< 7 >icia«^>«*k***-T-r4, sua 

•*M6fbU t^fe*. BE»©»*^*flrt-6. ^rO 

[0017] ttri5< 8 >tciEtt^lftti^* J p[L flirE 




%fffi 2002-287184 
5 

[ooi8] mz< 9 >«de«©Mlft****tt, stria 

<7>Xtt<8>Ki:m*T. «agpT2E*3ft s , JR&tf 

[0019] Mi5< i o>\zw*a>mwtiLm*n* * 

[0020] «tib< i i >fcB«©w«»**-T-r±, «r 
e< i o >ic*5v*-c, mj&^imm^r^>^^{t^m 

[0 0 2 1] Hfri5< l 2 >^IB*(Olffl«»fi8;««{±, Str 
12 < 1 1 1 xov^-f tt*M^IB*«>iif*3K**-?- 

< fct>#*/ttt!K mUMUM?*** «ME*flW#a 
*c±a*«:T»*fcL-CKWU BET#*G>«*3&* 3 0 
0 — 8 10 nmtfeSe 

[0 0 2 2] mE«flWB*K«ca3V^tt, ttEJtJWW 
UTRIt^tt^o Rf»M^300-8 1 0nm 

[0023] awa< i 3>icEtoifl«dffit^ m 

[00 24] miaWlfcWdl3S«i::*5V^-cr±. T^3tl- J: 
Mil, T**^J:a»ft**4-C*>*H«***-T 
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roes, roM^^ggnjfgx-foS. 

[00 25] fltfE< 1 4 >td|E^<?5B^^fi£^eiix *fr 
E< 7 >a>b< l l ><K>\>>?tiMz&m<oWteMl££* 

^StSr^f< ifcfitS-Tfct), ttHCMgJ&ft?*** 
JtCDiSS* s 3 0 0~8 1 OnmffcS, 

[0026] iftrEB&^SEKicfc^Ti*, sfrie^tfiStt 
#«asttreHfft»a**fc*fci!Mrt-s. -rst, hue 

&*mmx-s>z>£>mnm : *»mmz.m-i< «5ttt«fe* 

LTRJitSixSo ^T^ftWiSSa 5 3 0 0 ~ 8 1 0 n m 

E«j§«r£#tf>«3t#aift;u n&ERws^^b-t- 
#*©«*#*{[: u 

[0027] griB< i 5 > iz&mtDW&Mffc&mtt. m 

m&m&mtt X 300~810nm 

[0028] DWEWifc»rias«itj3v^-ctt» «rE*d«ft 

l»fcfllJSpr*#:o*a*»J||-0«3tA»e>JI|-©«3SlcaS 

lti-5„ 1*5 RBte^SWCfcttSllfrERas* BfT 

t LTRat* Jx5. ^T^3t©i6S* s 300~810n 

^rolSf, B^tf^JS^TCfoS. — 2r, BfJER/5^ StF 
ESZ.o»5^T?fe5*^-lcii, ^Ml4StlE«5H4^feSr 

Jtfcft^SjftftaJTSHateftRWi-S. MEM 
Stft^aKJ: OWaSrf+^-rSfc'JfC. SfrEBI©3g£, 
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[00 2 9] ME< 1 6 >f::E«t©Bfgl®fi£;Bl§l±, Sir 
E< l 4 >3U4< l 5 >Ic*jv-C\ flKfaj^ttasM— © 
sure fo 5 »fr t *s »t ST^ft ± 5 386** Wfe-efc 

m&xbzm&fctsiitt&iitizxzi&eL&m&.X'ibz 
mmmm* (sit rm&m*i t^-rs) t«r'>*< 

[00 30] 8frEB»«Jfi§6fiK*3^-Ctt, WE$iJStf+ 

l-^b-r^o StrE#fe^lc*5lt5StfER© 
SE^^^-fb-TS. ^R©i¥^li. BfJEWfe^^l-*5»t5 

a(rE«it^^s«rEM— <ommxs>zigr&v>m— <DB 
* t wmwi-<nffimx-tbz>m^r<D / m-<om?j- t<o2mv 
id. ME«ig»r^*o«itro^<btc#v>pris»«j^^{b-j- 

mxih%&mmmTmmi\z.m^<mm£&&*^-t<, 

fe©^F*3ti: UTKH*ix5WC. ^R©*Bt?Wfe© 

Jsa*»-©*a3i»e>j(i-o4Pi5ftcasft:i-5. ^©es, 

*f!E#^^»-*5«t5«trER©/¥^^«ffEM-©i?^lc 
^{bi-5„ ffirEK*s, SftEM— ©J**-Cfc5l&£-lcrau 

[00 3 1] DtrEJW*f***«*», mA^JR^ffloiW 
(t5BflER©J?^^8flEM-©J?^l-^bi-5. Sffil 
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R«tS©-C, «HB«5fttt»feS:«S4v\ ttE 
ft*-*-*. t5t, »B#ft*^l^te»t5«MEIllO»* 

[0032] -<Dtz#>. mam»^WL». itiEWfe 
tic**, meaikSAttB^ 

[0 0 3 3] 

[0 0 3 4] <#«»:>ilW5»«*i:b-CW:, ttR-C*> 

[0 0 3 5] 8tTE*R#«*i: tTtt, 0»J;ttf. 
K, Sl£ (DNA, RNA) ttWSffiifc^tf ?>^5o 

xfc e /-^y, 7^f^y/yy x hn^i/y, 
[0 0 3 6] «HB»R*aM*0*-et>. KS*c#ttSr* 

•tfy^^K, DNA S 7^P-^4^KSt5. 
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[0 0 3 7] [a > ]) • tfy^^K] HtlEa 

— .y • aKy^^m, *y^f-K^rfc* 

ig<Z> — t> , 7^i3. 6££gr<hlCl®$5 (1 
e>^Ay«r»«) U 4#iri:W^i^ * Kg 
(-NH-) (-CO-) fc0mic«UB 

[0038] uMBo-^y • *y^*"Kcoe>* 

70 ^fikUtt, »^»JRtt*<. StttfcottJ: 
[0 0 3 9] SEo-^y • *y^*-KS:»* 

^*>ixHt»^«iKrt:ft<. attic* crMaww-sr 

*s»*b<, roJ:5ft7^/*i:Lm «*.tf. T 
^7^VK (Asp) , >8 (Glu) , 7 

;V*e=L^ (Ar g) , y S^V (Ly s) , fc*^^ 
20 (His). 7^9*> (A six) , 9^9%^ (G 
In) , ir y >- (Ser) . ^ U^"— > (Thr) . T 
(Al a) , y<V^ (Va l) , n^fW (L e 
u) , ^yu^i/y (He) x v^tM ^ (Cy 
s) , (Me t) , ^nv-V (T y r) % 37 

x ^77^y (Phe) , hy/l^7ry (Trp) 

[0 0 4 0] fltTEa-^y • sKy-<^ KOfttt 

^ Ltll WET $y»SriBS:31«i-5wt^J; 9. A 

ir y > (Ser) , (Thr) . T*s<9*c 

^1 (Asp), ^R(Glu), T)V*?~l/ 

(Arg) , y^V (Lys) , T*s<7*c>- (As 
n) , (Gl n) 4ifdS»5«lC#»f «T 

fl, 7x=/V77^V (Phe) % hy7 P h7r>' (T 
r p) „ ^yD-fi/> (lie), ^o->> (Ty 
r ) , ^^^^ (Met) . □^v'y (Leu) , 
40 y V (Va I) ftWWfeftS. 

[0 0 4 1] BUEa-^y • 7j?y^^K 

^c^3v^TH > Ka — * y y ^ ^ Sr^i"5 SWBT ^ / K 

[004 2] i^ET ^ /WZk UTfi, L-7^g, D 

<d v ^-f ft-e o r t> i v \ 

50 [0 0 4 3] SfjEa-^y ^y^^ • 7Ky^^K(-*3«t 
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5 0 0 0-Cfc5©^8* LV\ ftlrlBJe'&fiSc (fi-frK) 
10*Bt^i:, ^y7^;/8^4a-^!) 

y^»*«4<45: 5 000?:@t 

[0044] miE a y^^^-^y KOftffc 
{^]i:ttH 0»Jx.tf, XV (y-^fvw-L-^/u*;* 
— M * (y-^^-L-^^-h) % #y 

(v — ' <is*?/u-'L-jr/i>9 * — b) , #y (L-^/w 

* ^ y --O-^/U) , y (n ^rvvl — L- 

^ow^-h w<D#9rA'*$i<'tatm»s #v (0 

c^^u-L-T^/W^— h) ^O^Kyr*/^^ 

#y (L-o-f^) , #y 

>0 . #y (l.- s #y (L-^-A-T 
^» , #y (L-y^v) -#y (y-^^-L 

[0045] fttjisa-^y ^ • ^y-<^ Kfc bT = 



0^ 



■ s .c=o 

ch 3 -(ch 2 Vnh 2 
-o ™ F 

9 

LLZ-NCA 

9=0 

? 

CH 3 
MLG-NCA 
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72 

[0 0 4 6] mll2a-^y ■ n^v^zf^ KO** 

£>-£iJ£LT. ^o-x^suRy^^K C#y (L-y 

V^) 25-^y (y-^^/U-L-^^^— b) 
6 o ] PLLZ2 5- PMLG6o^^::t^t 

y (L-y^^) 2 5-#y (y-^^w-l-^ov* 

70 M so] PLLZzs-PMLGeoll TIB* 
-e^Lfc«£ 9 IC, n ^S'/l'TS^'SrBMWflJ: LTi 

7$*isWtm*%> (LLZ-NCA) ©***:1TV\ S^tt 
Tv-^f/V L — ^Vl^;* — h N-^l^^rv^M 
(MLG-NCA) 0>fi^&fT5 w^tCiO^fiSi" 

[0 0 4 7] 

Hbi] 



NH 

9 = 0 

PLLZ m (m=25) 



C=0 



PLLZ m 



0 0 

chtCch^- nh-6c-ch-nhHc-9h-nh^h 



DMF 



$=0 

9 

CH, 



[0 0 4 8] SfrlSa — ^ y y ? * ■ # y Ktf>£-j£ 
^— . Yb7T— iSto**?-*? ?— , ftif 

tfsntre.ih.a. «ne«£MB£ L.TI4, *a§Sv tern® 

[004 9] ifc, tlEa U • #V K 50 



c=o 
V 

PLLZ^-PMLfi,, (m=25.n=60) 

*£#m em©a-7syy^ * !9 ttj-r 

riW 9WtLttJ:v\ 

[00 5 0] (DNA) StTEDNAtt, l*«DNAt 

DNAT*fc5^»^U\ SfTlB2*«DNAIi, — o 
O^ttC0le3t)JC % b"ti:A,^02*(07Ky u 

I*. T^^v (A) . (T) . ^T^v (G) S 
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[00 5 1] StflSDNA^, mPCR (P o 1 y m 
erase Chain Reaction) L C 
R (Li ga s e chain Reaction) 
S> 3SR (Self — sustained Sequ 
ence Replication)^, SDA (St 
rand Displacement Amplifi 

c a t i on) &mzx*)mm-rz>zb&T?zz>&, r. 

[0 0 5 2] Hut2DNAfi, 

^&&mc x k> mm it h <t v \ 
[oo5 3] tteae^n-n^ft^*^ ^j^. 

7*- — is^t? — „ yy** Ytyr — ^t(D^r^=7-<^ 
^.tOS9EDNAS:**^PlJ4i-5wi:dSt?t5. SMS 

[0 0 5 4] [7^n-^l WET ^ n — 

e>^*E*Wi-s#ircfc*. wets p-^©»* 

[0 0 5 5] flre*R#<E>*£ LTtt, ^fcfMKttfc 

«3lctt*ft*r4CS*5«jR*»btt, 8l0nm^K' 
fe5W^L<s 10nm^8 10nmtffc5^J: 

[0 0 5 6] SSIEMftoSi: LTfi, Wc«IPfitt/iV> 

8 — 2. OnmgStfc^c 
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74 

[0 0 5 7] «TlE»ttfftt, *©*»3^5|E*ttXtt«* 
[0 0 5 8] NEHHIttOtlttflEi: LTtt, 

«fcv\> 

[0 0 5 9] ttEM«tttt<D4ro*0^fc IT, U 1 

(^*tta5) ioai tt«MMicn*tt«is i o b sr^r-r 

[00 6 0] ifrlSMli, «JIM45Sfe*r*-t-«rE«»tt» 
fete, ^^7^^^il9^M*Mt*$)5#ii 

[0 0 6 1] r^T-, HWE«3ttt*6oi!Ra»cov^TT 
HI2S.^!l!3Jc^-rJ: a&E*R#tf>lR 
fc^BRItSnfcBKfcttBt^JiST^JfcOtt* (X) 
ft, TIB (1) lC»1-ftfl=-ffli«>&*U Tffi (2) 

[0 0 6 2] 
50 [ft4] 

A = 2 11 1 a - s i n 2 a (1) 

A = 4 * ' — A/n 2 -s i n 2 a (2) 
2 m — 1 y 

[0063] striB* (i) jlwime* (2) ^^r. 

Att, T#*«>«* (nm) o tt. ftrlSM- 

^*OAIt^ (ft) ^rlc^L, tfi, fOf^ (nm) 
^0 1 tt. i«<0»Sr*«cL, ntt. R^JBSf** 

[0 0 6 4] ffrlSROj^:^^ LTi*. 8 10nmWTt 
fe5^^S : ^b<, 10nm-8 10nm-et)5©aJJ: 
9»*LV\ «JE»*«ri«iae3E-t-5rfc^J:0 % S9E 

[0 0 6 5] WEBltt, •iMFH-CfcoTtiv^L, tt 
i^Rlc J: saiK-Cfco t b J; v\ StrEm^-T-Bt^ 

50 Bi?syh» (LBffi) C^otMt^wt^f^ 
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*0>RS, ^*P<7>LBRjg«iS« (0>J*l2* 0*^— 9 s — 

4 o 0NK-Mwc4if3&5#a^*jf <b*xs) Srffi^-r 
[0066] «HBHi»^iio«*tt. «*.ri, fttttt 

tt<&mi^*«:»flB± (»«±) t#*»ufc««-c, 
BP*,H4^i-J: pic, ###1 O^Eft^^SgT- 
[0 0 6 7] ^(Odrt, S«5 0 <t «lc#JRRtt 

[0 0 6 8] ft*5 % P5««tt©»«*0»^?-||t«:*« 

ffioo«»tt» a»*tt») i o &m±tt\<^m& 

LTEftU «*tfe«l 0 bra±*sSVMcB»LTBaiRl 

[0 0 6 9] JiaJittlWE»«#*s*^BI©¥ffi*lR!«- 
Eft (8Uc«fc#tt) bfcm»^ilXtt**ifcJ:««Ji 

tcLT3Fgfi8i-5r irsftS-CSS. HP*>, HI 6 tc^-f-J; ? 
fc. *i\ SI1^M(*10 (a — 

BEfc*» "C% RtK (*«) OpH^rl 2lg07;M 

y^(ci-5o imwh o (a — >y y?* ■ * 

y^T^K) ^*3JtS**ttffll 0 b#* 

wio (o-My^'^y^/fK) legits 
o®H4(c-T5 0 o (a — y^*- 

#y^7^K) ^*5Jt5«*tt»l 0 Wo 

0 (a *y • tfy^^K) t-SSS^^iJfffi 

Ottft* (*«) i:»liRlfc*»©SStO«*tt 
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To ■ y y****«rfcSJ:5lc45 0 tlx, HI 5 

SrJBv>-C±&LfcJ:5fc. »*#10 (a-^y^;* 

[0 0 7 0] SMEiRtt«rlB»ttfr36SiBlRlLTft535S, * 
[0 0 7 1] snB*3ftFT«#fcUT«t, MttKiJ:9«lik 

*Rr*T*>ixr2»iciisoiRtttt< . itotoscrsiiiitR. 

[0 0 7 2] «rlBipJ*fc LTte, »|C«|Rtt4V^, 
[0 0 7 3] Jfcl-JlDllia^TTfJE^fcSWaTTfiEflcfcU 

■ctt, 0j*.«. Jtt**rr&*i 

[0 0 7 4] (OTBfiffHttfri: LTI*. 0J*.f2. zktfcE 
gUtefr, ^ftEMHttft: (BHEAttflO ftifsWIWfe 

[0 0 7 5] fltrlBfllaiSttfft LT»±, 0»J*t2, #*&A 

io [0076] m»i-j:9flHft^-3raE*«3ftFr*fletuT 
0iJxi2, «*tt»^ftws*rfbix*. ftiBiSilte 
dfiim ^J^t2. ^^^=.^>r 

[0 0 7 7] ItEWKIKA^j: 09*(2, TV 

[0 0 7 8] !tfr!Ex^*=<7V jx^Ritt^i: LT 

fl* ^^tife (C. Destrade. , eta 
I . , Mol. Crysr. L i q. Cryst. , v 
ol. 7 1, pagelll (1981) ; 0 *{fc^# 

IS, ^flib^ift, No. 2 2, &&<oik^ msm. 

% 1 0 2® (1994) ;B. Kohne et 
50 a 1. , Angew, Chem. Soc. Chem. C 
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omm. page 1 7 9 4 (1 9 8 5) ;J. Zha 
n g e t a 1. , J. Am. C h e m. S o c . , 
Vol 116, page 2655 (1994)), 
&tJ\ ¥fffi¥- 5-5 8 3 7^ 8-2 7 2 8 4 

*, ^M^F 8-334621*. 9-1 04 6 5 

6#0#^«lCE«^b-&«4ifdS#«f fens, cnfe 

[0 0 7 9] |RlCJ:0*Jt^aett«31Pr*#i: it 
Mt, ffcKSL ^JRffi^^^i-fc^s^lf fe 70 

tf fen^o 

[0 0 8 0] tMESKWffittttRi: ttli, SUtll SRW 

m&mm&mi? fen, jum^i** *y^v>\ *y 
^Db-u>. TKyjSfkt'^/K #y*^w>\ #y^b 
tr^y^v, ;7y*ttj» % #y y/wg^^/uft 
if, lMl^yr> h\ #y^*-r/K #y;*-tf 

fen^o «riE«wflsttftKfcL-cri, awfbtt 
n % 7*y-^»j!g3fe^3&s*»f e>ns. rnbcogitct 

[0 0 8 1 ] &>±<Dm&*I&»b LTIt «*«: RTSStt 
[0 0 8 2] ^la^MStt^i: LTfi, 

^r^■cfcntfWw*Jlal43S^v^^^ h^^utt 

ft. ^-T^JMSfrtt^WfetU 7/S (-N 
[0 0 8 3] mLTV^mt Lttt, 

fens, ffirisry^Mk'&ttfcbTii, ry^^s 
#BMt£«, r^*^^<i/ft**ttif3a«»rf fen *o 

[0 0 8 4] 3tfia»L^R©«rlBT^>"tf>- 

(h7^Rtt*) tt, iSHf, 3 0 0-4 0 0nmM 

©tt«IB©*Stt, JKi9. oASS^tfeS (TIE 
(a) ) . I© b ? y^*tt#fc«*HI tmittS fc , 

^y^Wb^ (^*tt*) (Tia (b) ) ic«Kk* 50 



75 



[0 0 8 5] 

[ft: 2] 

R 




UV*fe 



5. 5 A 



300—400 ran 



0. 5D 



(b) 



400— SOOnm 



3.1D 



[00 8 6] flMEHKi RT3e#fc LTttu H 7 \z^-t J: 5 

[0087] msmm^mK mmwvt&commizu 

[00 8 8] mB«fft***-T-«C3SV^T«:. Strl5*iJ» 
>y yt* • ^y-^^Ki: U 

✓^o-tfvfls**^*5»t5— M^ffrEa — -y • 
ttr >fls**ic*5its— witGa — -y 

• alfy^*- Kl£«fll»fc*frSn, Sa-^y 

y ^ * • # y K**w-EiRi snfc*«-e*«^ 
Bjesnfcflgai-ett:, iioic^t«t5c, tt7V*o 
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[0089] mmmM&m^z^t^mKJBk 
o f&mmm i £&&z on-off 

S^:tm5 0 *fc, ttEBfeSAM-T-lcftttS 
let safe*** U ?*«**:IIU*Lfc#lc»J©»fefc« 

[0 0 9 0] MEBife&riHR-T'tt* MS****-?, 

[0091] *&m<Dmmmmm*. «rE**w^B 

[0 0 9 2] ttEHfta»BMr±« »E«*»rit*^S: 

«u la^aofflrEWfife^^-c^Six-cv^TfcJ: 
V>U 2«K±OttEH1fe»A*7«r«AU-C»AStt 

£\ WE»fe*^&U J ffirEi»fe*^35S**R«'"t-5i:K 
Baffler ^fefcSU StrEWfe^&tflWE^ft*^ 

**aifttE#ft*-T-3&s*«rKfr*-5 ^SEMSfttM'^n 

[0 0 9 3] Jfc*5 % **W^*5V^, fiJE^felciS 

^*fe«:*i-ttJHR*-C*>*ttf J:v^3ft^ Mz.tt4 0 0 n 
m^l5 0 0 nm&ffim&k S*tS«*^)«*ft 4f-C*> 
6„ !WET»fe^J:S»feiS|»feT?fcS»^ R 

fttfjzl^ W*.Ht5 0 0 nm£JUb6 0 0 nmtllS 
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nmW7 0 0 nm*a««0««0*«*4f-efcS P 

[0094] «rE*Rait^at una* WKiMRtttt 
if fens. ttE*iisw*ar*, 

[0 0 9 5] WE9J»ft-*#at LTfi, WlcWRtt* 
70 -CSS*. Rr**RV*^M»S:«I!9#*-CBR» 

^>n5o ffirE*J*f+*^att, ^(omW}^^>^^— * 

[00 9 6] MtEMfcSj^BottK & UTIi, Wcffl 

MEHIft^aX^^. WE*BR»*aicJ:S* 
SrT** t LtSIt U 3 0 0-81 

[0 0 9 7] IWB«l«ft**a*:*L-CftD, Iff 

EMiWK*»-?icfeit5«jftprae*©«a[36s, BnmRft 

30 5T**©S»jftS3 0 0-8 10 nmtfcSMtff* 

[0 0 9 8] WE»J»ft**a**LT*9, N 

EIil«»**^lci3it5«JftRraEft:o«a36S, HfTEWmR 

J:5T##tf>R*dS'3 o 0-8 1 0 nmT^5|«W 

[0 0 9 9] £7c x *«E»l*f**#a*:*UTft9, ffi 
40 E«3S^«ff3»|(S-0«Jft^fc5»^^as»tS^**JC 

50 3ftS#6-efc9. ^ott«3t«raEfl:^»-<D«afC*>*» 
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(wt r*fe*^j tap-ra) twtt* 
* fc Btrffi^fe^^ fc ttjie^fe^^ fc «:*-*- sixm 

fcat«»ft«>»ft**iij:o^r>fttrai-5. fifties 
t«JE*ft*6«l»*rW-*i-s fc , «rEB*ic:fc^-ctt 

T fi^#.at^#fe Ic J: 0 >< 31 n — fe £ fi-f 
[0 10 0] MEHfeSriKSEBtt* StlE*5gWooliMfe« 

[0101] 

[0 102] (ItJSWl) B-^!ly^-*5^f 

oJ:5(c«aStt^fe^-J-wfc^fgi$^o 4*5. r 
©■*Jft***lcBU *©*3ttt«ftfclltB*»T-it 
<o«JB*fcoH«lcov^fcH-<fc 0 

[0 10 3] MrtBa-^ y • *y^^Kfc tt 

tt, ^ >'»0^/v#^> / A'So*5RjB : ?*S: n — ^ 

^v';i/Sfl«ILfcfcO^/^^y h fci"5#y 

(n ^->/V L-^/U** — b (WT TpHeL 

GJ fc*IBi-Sr.fc*S*>5) ) *®.mVtz 0 gPHeL 

Git ^y^T^y^l^l^Ltffii^L-^ 

tls 1 H-NMRS0^JCj:5fc 1 1 4tfo 

fi («8ft;^x3i£?t«) £{£JSLfc 0 «rB»»^«ii, 

7^7Fy-ai, NL-LB 4 0 0NK-MWC) £ 
ftffltTMtfc. 4*5. WflBPHe LGUl*5l^C, a 
-^U yf^OMMtDM^y^teO. 15 (nm/7;; 

TfcS, a-^y jy^^OBtfgttl. 5 (n 
m) "efeofc 
[0 10 4] rO*»flBI:12 0aiU5jIII:o 




(12) #^2 002-287184 

22 

V^T, FT- I R*^ h^SISLfctC:^ 400 
tr-^*s»bftfc 0 loii, ««©c = o»:i^< l 

7 3 8 cm- 1 (DM 9 — fVhZ> 0 t5loli, a-^y 
S'^flEfi^TS KlI lCg-3< 1 6 5 6 cm" 1 (O 

I K£-3< 1 6 2 6 cm" 1 0>/h£<S3V^— ^Trfe 
5o *«0>lo|± % a-^y y**1fflk*<DT* KSII 
HS^<155 1cm- 1 (Df-^T*$)5o :^FT- 

I R*^* h^OHItett*3&»fe, SJfBPHe LG^fli 

fcj«*»sn:fc. 

[0 10 5] SWBPHe LG^±5*^Bttt % f£PH 

e LGl:i5*^R2 0»*:«Jlb*:*o**3»3 2 
mmtfeof^t iSS^l?coif:^^»ffii-^fc 1. 

6 nmT'foofCo 

[oio6] sic, ^<Dm&*mK£z>mmm\z&vz 

«Ji*fc*«E«5ttt*fefc«>»«S:W^fcfc^5, tt¥ 
^1^6 01, 7 0lM8 0lSI^tlf:#aii 

mi i^+«fc5 4^«#K»*-'<* 
20 *fc. k*^ik^4 0-5 ommaztiizmmm 

ft P^Wfe (7^ h^A— , tr*U tt«l&?- 

g^rl 2 Ol^tilLtSillj;, »6Sr«U 
tt^^BlS: 1 6 0I^X«1 L/cffiSBif*, *#6Sr 

[0107] juw&fctt, «mm&*m*4 oiait 
tzmmmt. s ommm^tzmmm&i 2 osasb*: 
30 a««fc^B8i-5pra*R*t^^^ h/nt 1121:^ 

-TJ: 9 IC, 8 0imift«||^ 4 18 nm^tt 
* (%) **LWfi4rfil/rv\fc. — JSr* 

4 0B«SLfcffiSK»i. 4 5 6 nml:Sit$ (%) # 

LtV^tc 1 2 0Sffl«L^aSlS(i, 6 1 9 n 

mt-Rt*# (%) ^lf-^^Tt4 0 9 nmlCgJH 
m (%) ^S/hSr^U, ^l^b^xfc4 0 9 nm£>2£gCD 
^tdJ: 0 3^^bttfc6 1 9 nm©*|:i^<Sft^l 

^0 [0 10 8] BtrEpJffi^RIt^^^ h/WOjgES (X) 

(1) u^tii t) -e$> 0 , (a.) ^a«>e>H5 

*ftttTE (2) fc:*Lfca0-C*>ofc o 
[0 10 9] 
[^5] 

A = 2t ' Y n 2 - s i n 2 cy (i) 

50 
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A = A t ' — A/n 2 -sin 2 a <a) 

2 m — 1 V 

[oiio] nfriE:*; (i) RxmtsA (2) icaavvc, 

T^Ottft (nm) «r««U o tt, TOE*** 
TR^lttEfflBR^ft^Att^ (ft) «r**U t 

(nm) «r«*U Itt, 
*>*«:«!* U ntt, ¥#T«*>B*r*«:S#U m 
tt, lJ^-b^S^C^Sfti-^o 

(x) im*4frm\z.x&mmmr*0>it0>7dttA 

(a) kvM&Zm^ltbZ^ Hi 3Jc^i-ffl5-c*> 
t>, 5ooAMA (a) i:St5 5o(D^^f/i/ 
U) ^Siaifflt. JbE*: (l) (2) X~M 
UJLfcS* (A s) itt, liff-»LT^fc D **3, Bl 

b/u*:«*u raj ri, soiiiitfig 

<D&±*'<9 h/v&SMfeU roj 12 01911 
^SSK^S*^-^^ Wu*S*U T#j fi, 120 

T, I*. ±ES; (l) 1=12 0M 

m=10*frJCT. ±E* (I) 

= 8 o&t*m= i<D&mcx. *>svm*. jbie* (2) 

1=40 RUm= 1 (7)^fe#(CTs fc^^Mi. ±15 
^(2) ia^l=12 0Mm=2^ffi:t, -tfb 
«Xt = l. 7 (nm) Rt;n=l. 6 <D0kft\CXWm 

[0112] a±^e*,t «9 , m»m 1 (Dm&m&m* 
*m^z>t*>7 -mmm& ztimzzt &m o ^ e 

[0 113] (Xlfefl2) *i\ ttEittflEj: LTOa 
— ^ }) * • #1) ^ff - K i: LT, a-^y^*- 
3^!l^f KPLLZ2 5-P (MLG42/LGA 
is) &«T<0«fc5tCLT««Lfco BP*>, n-^=*-> 

L-yv?y N B -*;^^^Rj||*» (LLZ-N 
CA) ©K*«r1TV\ »tt7-^f^ L-^Vw^ 
— h N-*/U#^-^KJSI*ft (MLG-NCA) OS 
^SrfT? wttdJ: 9 PLLZjFPOm^S^x, PMLG 
SP^S-g-S^yO^n y^^y^rff- KPLLZx- 
PMLGyiBBU. PMLGt^yh?: 
tt L - $ y» (lga) b~T 

P (MLGy/LGAz) SrMHLfco ttt > :<Da 
— • 3/J?y^f KPLLZi -P (ML G 
y/LGAz) ■fcT^V'^Vfctt***, Mfd 

[0114] nhtifcmvm&tt-its »Eo-^yy 




(13) H§i2 002-287184 

• =i7Ky-<^ Kt*tt51*S (=X + Y+Z) 
»s 2 6 0-5 4 0 0l:R£lfc3i»t?fc^ 3ffiS 

fetfWfi (f2ffi^3t 4 0 0 nmJ^±5 0 0 nm 

-C*>S»fr^*5itaT**^J:S«fe36««l6 (BET** 
©Sfi^3 0 0-8 1 0nmW) "C*> 6 

;o /-cy^yftW h ^ >*«»-es>*»£>i;i:fcttST 

**^J:S«fe*S|ftfe «T**©tt*#5 0 0 nmJW 
i6 0 0nm*aiS) "CfcO, >"fbfr 

6 (RT»*©$4iS3 0 0^8 1 0 nrnftW T*£>5 

ifttyif**^ (ttT r»43R^j &frf *) s 

»*fc*5»tST**I^J:5*fe3ftS*6 (BET**©** 
^6 0 0n mJSLb 7 0 0 n m*igl) -Cfc 19 . ^o7 
✓^^^{fc^*36S^^*^fc5»^|-*5itST*5t 

m^) -efcsiftMi^ (wt r#^*^j tfSff 

5) XhZ> 0 

[0115] Hftffl 2 ©■flOMtSKtt* »JbG>Wfe* 
[oii6] roiu^^g^^Tti, «riBpj*f* 

o^tcfi. BEBt**b*ft©T**3asKW*Jx-5©-e, BE 

EWfefHTtcfcJt^SftET^'O'-fef h^^x 
l-*»t6»EK©***s»ET^>-tf^{fc*»3as*>^ 

50 BERtt«lfe(D=F**S:Rtt-r5©t?, ■ffl*>TO*£U1^ 
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[0117] tt!Kmmtf*ytm^ mmm^&mmt 
5 0 -2f, «riaw*M--^*«3&s, fjE^fergfe 

ffiE*fe*^<o»<&£R«i:i* K*fe*^tci3*ts 

50-C\ tMIt*6^fe^4f6o — WIS 
W»«"****s. «rE#fi«fiiflJ*fc LT<&**««:JB 

[0118] z<Dmmmmmz&^x. WEwatf** 

«fEW«R«-**jS3&s. «rE*fe3Bfe«l», ffiTEJft 
fe»fe«»aWWE#ft»ftiM»«rW-*L, tfrEftSCa* 

ZZ.k&VU&Ztl1t. HlC, »E«*f***«3ft^ fltTE 

*fe?Hfe*a», strEftfejsfepjftxt^strEfSfeiSfepj* 

*tt-£U fflrE*JR*sffiEiif*IcSltfT»ra*S:Ba«*L 
[0 119] 
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[illilit P*flttt©»«*<o-«S:^i-awill 
HB-C*>£. 

[03] 0 31*. flHfctt»&©««fcRHi-«fc**>« 

[0 5] B5lt HJMHEtt©****** (*«) -h"ClE 

[H!6] 0 6te, W»ttttt<0*Mft*Sr* (*«) Jb-CSfc 
RS^ft^ttEO^feSi-tWRMB-Cfc*. 

[an i7ii s »«ffo-fi»tc«5ipras#dS3e'&six 

[0 8] H8tt, »«frOH«ffi^«jS-5rK*S:*i-5 

tt«*^-r«i»Rw a-e *> 5 o 

.[09] 0911. *»H©Bfc«j**^©-«**^ 

n&RlSB-efcSo 

[010] 01 OH MnoBflTOlM-^Ottoei* 
^ilttBSREB-Cfc*. 

[01 1] 01 ltt, MMftflcolH5HFKfr8IJI i-ftmm 
m (6 0S, 7 01, 8 0g) K«fc*«a£tt:S5fe0>iKft 

[012] 01 2(4, ^frcom^R^ssL^aa 

I (4 01, 8 01, 12 01) »C±5«aM4»fe<D* 

[0i3] 01 3t4, m&#<Dm&*m&ma u^as 

1 (4 01, 8 01, 1 2 01) — ©*OAWfto 

(ft) R4t«ftx (nm) «toia«ft^-r^7 7-e 
1 0 

1 0 a (*Mci±*B) 

1 0 b Sl7kt£Si5 
3 0 ftitpT^ft: 

5 0 gffi 

6 0 n mastt 



[07] 



a: 



10 
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(16) 
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[08] 



10 




0 0 0 0 

N N N N 

// // // // 

N N N N 

0 0 0 0 



[H9] 



9 9 9 9 9 

t i i i i 
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